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BOX PATENT EXT. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Atty. Docket No. 0701.243 



In re: U.S. Patent No. 6,444,673 
Patentee: Claude COTREL, et al. 
Assignee: Sepracor Inc. 
Issue date: September 3, 2002 



FEB I 8 2005 



REQUEST FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. $156 

Director of the United States Patent and Trademark Office 
Washington, D.C. 20231 
BOX PATENT EXT. 



Sir: 

Pursuant to Section 201(a) of the Drug Price Competition and Patent Term Restoration Act 
of 1984, 35 U.S.C. § 156, Sepracor Inc. ("Sepracor"), represents that it is the owner of record 
of United States Patent No. 6,444,673 and hereby requests an extension of the patent term of 
U.S. Patent No. 6,444,673. 



The following information is submitted in accordance with 35 U.S.C. § 156(d) and 37 C.F.R. 
§ 1.740, and follows the format and requirements set forth in 37 C.F.R. § 1.740. 

02/16/2005 HBEKESS1 00000032 6444673 
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(1) "A complete identification of the approved product as by appropriate chemical and 
generic name, physical structure or characteristics;" 37 C.F.R. §1. 740(a) (1). 

The approved 1 product is LUNESTA™ (eszopiclone), film-coated tablets, 1 mg, 2 mg and 
3 mg, for oral administration. The generic name for the approved product is eszopiclone, 
which is indicated for the treatment of insomnia, including difficulty falling asleep and/or 
maintaining sleep. 

Synonyms for eszopiclone are: 

ESTORRA™; 

esopiclone; 

(+)-zopiclone; and 

(S)-zopiclone. 



The eszopiclone is identified by the following: 
(a) Structural Formula: 




(b) Chemical names: 



N-CH 3 



1 As described more fully on pages 3-4, this request for extension is submitted based on FDA's determination 
that LUNESTA™ was "approved" on December 15, 2004, for purposes of determining patent term restoration. 
Sepracor questions this determination by FDA and does not waive its right to challenge that agency 
determination following submission of this request for extension. 
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(+)-(5S)- 6-(5 -chloro-2-pyridyl)-5 -[(4-methyl- 1 -piperazinyl)carbonyloxy] -7-oxo- 
6,7-dihydro-5H-pyrrolo[3,4-b]pyrazine; 

(+)<5S)-6-(5-chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5- 
yl 4-methylpiperazine-l-carboxylate; and 

1-Piperazinecarboxylic acid, 4-methyl-, (5S)-6-(5-chloro-2-pyridinyl)-6,7- 
dihydro-7-oxo-5H-pyrrolo[3,4-b]pyrazin-5-yl ester. 

(c) Molecular Weight: 388.81 

(d) Empirical Formula: C17H17CIN6O3 

(2) "A complete identification of the Federal statute including the applicable provision 
of law under which the regulatory review occurred;" 37 C.F.R. § 1.740(a)(2). 

Section 505 of the Federal Food, Drug, and Cosmetic Act (FDC Act), 21 U.S.C. § 355, is the 
Federal statute under which the Food and. Drug Administration's (FDA's) regulatory review 
of Sepracor's LUNESTA™ investigational new drug (EMD) application and new drug 
application (NDA) for eszopiclone occurred. Section 505(b) of the FDC Act, 21 U.S.C. § 
355(b), authorizes the filing of an NDA for a "new drug". The FDA subsequently approved 
the LUNESTA™ NDA (021-476) under the authority granted the agency by Section 505(c) 
of the FDC Act, 21 U.S.C. § 355(c). 

(3) "An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the applicable 
regulatory review period occurred;" 37 C.F.R. § 1.740(a)(3). 

On December 15, 2004, the FDA issued an "approval letter" for Sepracor's LUNESTA™ 
(eszopiclone) NDA under Section 505 of the FDC Act. Although FDA takes the position 
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that the product was "approved" on that date for purposes of determining patent term 
extension, Sepracor questions whether "the product received permission for commercial 
marketing" on that date within the meaning of the statute. Sepracor notes that FDA has taken 
the position that Sepracor cannot market LUNESTA™ under the terms of the "approval 
letter" until the product is listed on the Schedule of Controlled Substances under 21 USC 
§823. Nonetheless, in order to avoid potential forfeiture under 35 USC §156(d)(l) based on 
FDA's current interpretation of the statute, Sepracor submits this request for extension based 
on FDA's determination that LUNESTA™ was "approved" for purposes of patent term 
extension on December 15, 2004. In so doing, Sepracor does not waive its right to challenge 
that determination by FDA. 

(4) "In the case of a drug product, an identification of each active ingredient in the 
product and as to each active ingredient, a statement that it has not been previously 
approved for commercial marketing or use under the Federal Food, Drug and Cosmetic 
Act, the Public Health Service Act, or the Virus-Serum- Toxin Act, or a statement of 
when the active ingredient was approved for commercial marketing or use (either alone 
or in combination with other active ingredients), the use for which it was approved, and 
the provision of law under which it was approved." 37 C.F.R. § 1.740(a)(4). 

The active ingredient in LUNESTA™ (eszopiclone) film-coated tablets is eszopiclone. 
Eszopiclone has not been previously approved for commercial marketing or use under the 
Federal Food, Drug and Cosmetic Act, the Public Health Service Act or the Virus-Serum- 
Toxin Act. Eszopiclone is the dextrotatory enantiomer of the racemic mixture zopiclone. 
Zopiclone has not been previously approved by the FDA. 

(5) "A statement that the application is being submitted within the sixty day period 
permitted for submission pursuant to § 1.720(f) and an identification of the last day on 
which the application could be submitted;" 37 C.F.R. § 1.740(a)(5) 
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This application is being submitted within the sixty-day period following FDA approval of 
the LUNESTA™ (eszopiclone) NDA. FDA approved the LUNESTA™ (eszopiclone) NDA 
on December 15, 2004. The sixty-day period following approval of the NDA for submission 
of this patent extension application will expire on February 13, 2005. 

(6) "A complete identification of the patent for which an extension is being sought by 
the name of the inventor, the patent number, the date of issue, and the date of 
expiration;" 37 C.F.R. § 1.740(a)(6). 

U.S. Patent No. 6,444,673 

Inventors: Claude COTREL and Gerard ROUSSEL 
Issue date: September 3, 2002 
Expiration Date: January 16, 2012 

(7) "A copy of the patent for which an extension is being sought, including the entire 
specification (including claims) and drawings;" 37 C.F.R. § 1.740(a)(7). 

A copy of U.S. Patent No. 6,444,673 is attached as Exhibit A. 

(8) "A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or re-examination certificate issued in the patent," 37 C.F.R. § 1.740(a)(8). 

U.S. Patent No. 6,444,673 issued on September 3, 2002. Maintenance fees are not due until 
March 3, 2006. 

No disclaimer, certificate of correction or re-examination certificate has issued to date in 
connection with U.S. Patent No. 6,444,673. 
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(9) "A statement that the patent claims the approved product or a method of using or 
manufacturing the approved product, and a showing which lists each applicable patent 
claim and demonstrates the manner in which one such patent claim reads on: 

(i) The approved product if the listed claims include any claim to the approved 

product; 

(ii) The method of using the approved product, if the listed claims include any 

claim to the method of using the approved product; 

(iii) The method of manufacturing the approved product, if the listed claims 

include any claim to the method of manufacturing the approved 
product;" 37 C.F.R. §L740(a)(9). 

U.S. Patent No. 6,444,673 claims the approved product eszopiclone. Claims 1, 3 and 4 are 
directed to the dextrorotatory isomer of 6-(5-chloro-2-pyridyl)-5-[(4-methyl-l- 
piperazinyl)carbonyloxy]-7-oxo-6,7-dihydro-5H-pyrrolo[3 5 4-b]pyrazine and 
pharmaceutical^ acceptable salts thereof. Claims 2, and 5-8 are directed to a pharmaceutical 
composition comprising eszopiclone. Eszopiclone is the generic name for the dextrorotatory 
isomer of 6-(5-chloro-2-pyridyl)-5-[(4-methyl-l-piperazinyl)carbonyloxy]-7-oxo 
dihydro-5H-pyrrolo[3,4-b]pyrazine and has the following formula: 
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Representative claims of U.S. Patent No. 6,444,673 are reproduced below. 

1 . 6-(5-chloro-2-pyridyl)-5-[(4-methyl- 1 -piperazinyl)carbonyloxy]-7-oxo-6,7- 
dihydro-5H-pyrrolo[3,4-b]pyrazine, or a pharmaceutical^ acceptable salt thereof, in the form 
of its dextrorotatory isomer and essentially free of its levorotatory isomer. 

2. A pharmaceutical composition comprising an effective amount of the dextrorotatory 
isomer, essentially free of the levorotatory isomer of 6-(5-chloro-2-pyridyl)-5-[(4-methyl-l- 
piperazinyl)-carbonyloxy]-7-oxo-6,7- dihydro-5H-pyrrolo[3,4-b]pyrazine, or a 
pharmaceutically acceptable salt thereof, and a pharmaceutical^ acceptable carrier. 
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(10) A statement, beginning on a new page of the relevant dates and information 
pursuant to 35 U.S.C. § 156(g) in order to enable the Secretary of Health and Human 
Services, or the Secretary of Agriculture, as appropriate, to determine the applicable 
regulatory review period as follows: 

(i) For a patent claiming a human drug, antibiotic or human biological product: 

(A) The effective date of the investigational new drug (IND) 
application and the IND number; 

(B) The date on which a new drug application (NDA) ....was 
initially submitted and the NDA or PLA number :and 

(C) The date on which the NDA was approved or the Product 
License issued; 37 C.F.R. § 1.740(a)(10)(i). 

In order to enable the Secretary to determine the applicable regulatory review period, the 
following information is provided: 

(a) Sepracor Inc. filed its Investigational New Drug (IND) application for LUNESTA™ 
(eszopiclone) on July 22, 1999 (IND 58,647), and it became effective on August 21, 
1999; 

(b) Sepracor Inc. initially submitted a new drug application (NDA) for LUNESTA™ 
(eszopiclone) to the FDA, via electronic submission, on January 30, 2003, and 
confirmation of receipt was received on January 31, 2003 (NDA 021-476); 

(c) Sepracor received an Approval Letter from the FDA for LUNESTA™ (eszopiclone) 
NDA 021-476 on December 15, 2004. 
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(11) "A brief description beginning on a new page of the significant activities 
undertaken by the marketing applicant during the applicable regulatory review period 
with respect to the approved product and the significant dates applicable to such 
activities;" 37 C.F.R. § 1.740(a)(ll). 

Attached is a chronology that briefly describes the significant regulatory activities 
and relevant dates associated with Sepracor Inc.'s efforts to seek approval of this product 
before the FDA (Exhibit B). 
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(12) "A statement beginning on a new page that in the opinion of the applicant the 
patent is eligible for the extension and a statement as to the length of the extension 
claimed, including how the length of extension was determined;" 37 C.F.R.§ 
1.740(a)(12). 

Statement of Eligibility of the Patent for Extension 

It is the opinion of the Applicant that U.S. Patent No. 6,444,673 is eligible for an extension. 
This opinion is based on the following information on U.S. Patent No. 6,444,673: 

(a) 35 U.S.C. § 156(a): U.S. Patent No. 6,444,673 claims the approved human 
drug product LUNESTA™ (eszopiclone). 

(b) 35 U.S.C. § 156 (a)(1): The term of said patent has not expired prior to the 
submission of this application. 

(c) 35 U.S.C. § 156 (a)(2): The term of said patent has never been previously 
extended under 35 U.S.C. § 156 (e)(1). 

(d) This application for extension is in compliance with 37 C.F.R. § 1.740. 

(e) 35 U.S.C. § 156(a)(4): The product, LUNESTA™ (eszopiclone), has been 
subject to a regulatory review period as defined in 35 U.S.C. § 156(g) 
before its commercial marketing or use. 

(f) 35 U.S.C. § 1 56(a)(5)(A): The NDA for the product received approval 
under the provision of law (i.e., FDC Act §505) under which the 
applicable regulatory review occurred. 

(g) This application was submitted within sixty (60) days from the December 
15, 2004 NDA approval date. 

(h) 35 U.S.C. § 156(c)(4): No other patent term has been extended for the 
same regulatory review period for this product. 
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Statement as to Length of Extension Claimed 

The term of U.S. Patent No. 6,444,673 should be extended by 760 days (i.e. 2 years 30 days), 
or until February 14, 2014 (as 2012 is a leap year). This term of extension was determined 
on the following bases. 

First, the following calculation of the regulatory period is in accordance with 35 U.S.C. § 156 
and 37 C.F.R. § 1.775. The length of this extension was determined as follows: 

The effective date of the Investigational New Drug (IND) application is August 21, 1999, 
which was thirty (30) days after FDA receipt of the IND on July 22, 1999. The IND number 
is 58,647. 

The new drug application (NDA) for LUNESTA™ was initially submitted via electronic 
filing to the FDA on January 30, 2003 and receipt was acknowledged by the FDA on January 
31,2003. 

An approval letter for the NDA was issued by the FDA on December 15, 2004. 

U.S. Patent No. 6,444,673 issued on September 3, 2002, and is entitled to a patent term of 20 
years from the earliest filing date (January 16, 1992). 

As set forth in 35 U.S.C. § 156(g)(1)(B), the regulatory review period for a new drug equals 
the sum of the following periods (i) and (ii): 

(i) The time between the date an exemption under §505(i) of the FFDCA became effective 
(the effective date of the IND) and the date an application was initially submitted under §505 
of the FFDCA (the date of the initial submission of the NDA). 

An IND for the product was effective on August 21, 1999. The NDA for the product was 
submitted on January 30, 2003. Thus, for the purpose of this calculation, item (i) for the 
product equals the number of days from August 21, 1999, to January 30, 2003, or 1258 days. 
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(ii) The time between the date an application was initially submitted under §505(b) of the 
FFDCA (the date of the initial submission of the NDA) and the date the application was 
approved (the approval date of the NDA). 

The NDA for the product was submitted on January 30, 2003. The NDA was approved on 
December 15, 2004. Thus, for the purpose of this calculation, item (ii) equals the number of 
days from January 30, 2003, to December 15, 2004, or 685 days . 

In accordance with 35 U.S.C. § 156(c), the term of a patent eligible for extension shall be 
extended by the time equal to the regulatory review period for the approved product which 
occurred after the date the patent issued. U.S. Patent No. 6,444,673 issued on September 2, 
2002. For the portion of the regulatory review period calculated pursuant to item (i) above, 
the period occurring after issuance of the patent equals the number of days from 
September 2, 2002 to January 30, 2003, or 150 days . The entire regulatory review period 
calculated for item (ii) above occurred after the issuance date of the patent. 

Second, 35 U.S.C. § 156(c)(l)-(3) also set forth the following exceptions which may operate 
to reduce the length of the review period used to calculate patent term extension. 

(1) Each period is reduced by any period during which the applicant did not act with due 
diligence. 

There has been no lack of due diligence during the period of regulatory review. 
Accordingly, no reduction in the review period is required by this provision. 

(2) Each period includes only one-half of the number of days in phase (i). 
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One-half of the number of days in phase (i) equals one-half of 150 days, or 75 days . Adding 
this number of days to the number of days in phase (ii) ( 685 days) results in a review period 
of 760 days . 

(3) If the period remaining in the patent term after the date of approval of the approved 
product when added to the regulatory review period as revised under paragraphs (1) and (2) 
above exceeds fourteen years, the period of extension shall be reduced so that the sum of 
both such periods does not exceed fourteen years. 

On the date of approval of the NDA for the product, December 15, 2004, 9 years and 146 
days remained in the term of U.S. Patent No. 6,444,673. Adding this period to the review 
period calculated above yields a period of less than fourteen years. This provision, therefore, 
does not affect the period of extension to which U.S. Patent No. 6,444,673 is entitled. 

Third, 35 U.S.C. § 156(g)(6) limits the period of patent term extension to a maximum of five 
years from the original expiration date of the patent. The original expiration date of U.S. 
Patent No. 6,444,673 is January 16, 2012. Accordingly, the maximum extension allowed by 
this provision would extend the term to January 16, 2017. Extension of the patent by the 
number of days calculated above would not extend the patent beyond this date. Accordingly, 
this provision does not operate to shorten the period of extension to which U.S. Patent No. 
6,444,673 is entitled. 

Thus, U.S. Patent No. 6,444,673 is entitled to an extension of 760 days (i.e. 2 years and 30 
days), to February 14, 2014. 

(13) "A statement that applicant acknowledges a duty to disclose to the Director of the 
United States Patent and Trademark Office and the Secretary of Health and Human 
Services or the Secretary of Agriculture any information which is material to the 
determination of entitlement to the extension sought;" 37 C.F.R. § 1.740(a)(13). 
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Applicant acknowledges a duty to disclose to the Director of the United States Patent and 
Trademark Office and the Secretary of Health and Human Services or the Secretary of 
Agriculture any information which is material to any determination of entitlement to the 
extension sought. 

(14) "The prescribed fee for receiving and acting upon the application for extension (see 
§1.200));" 37 CF.R.§ 1.740(a)(14). 

Pursuant to 37 C.F.R. § 1.20(j), a check in the amount of $1,120.00 is enclosed with this 
application. 

Should additional fees be necessary in connection with the filing of this paper, or if a petition 
for extension of time is required for timely acceptance of same, the Director is hereby 
authorized to charge Deposit Account No. 08-1935 for any such fees. Should a refund of fee 
paid be necessary, the Director is hereby authorized to credit any such amount to Deposit 
Account No. 08-1935. 

(15) "The name, address and telephone number of the person to whom inquiries and 
correspondence relating to the application for patent term extension are to be 
directed;" 37 C.F.R.§ L740(a)(15). 

Please direct all inquiries and correspondence relating to this application for term extension 
to: 

Philip E. Hansen 

HESLIN ROTHENBERG FARLEY & MESITI, P.C. 

5 Columbia Circle 

Albany, New York 12203-5160 

Telephone: (518) 452-5600 

Facsimile: (518)452-5579 
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(16) "The application under this section must be accompanied by two additional copies 
of such application (for a total of three copies)." 37 C.F.R.§ 1.740(b). 

This application for patent extension, including its attachments, is being submitted as one 
original and two duplicate copies thereof. 



Respectfully submitted, 



February 11, 2005 
Date 




Agent for Applicants 
Reg. No. 32,700 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 

(July 22, 1999 to December 15, 2004) 



uate 


Type 




7-22-1999 


IND 


Original IND Submission (12 volumes) * 'HUNS 


7-28-1999 


IND 


Response to FDA Request for additional desk copies 


7-29-1999 


IND 


General Correspondence: FDA communicates assignment of IND number 58,647. 


7-30-1999 


IND 


FDA Letter acknowledging receipt of Original IND Submission. 


8-17-1999 


IND 


FDA Request for clarification regarding Pharm Tox section 


8-19-1999 


IND 


Response to FDA Request for clarification of Pharm Tox section:Vols. 5 & 6 resubmitted 
with pages reordered 


8-25-1999 


IND 


FDA Request for information: reformatting TK information to tabular form 


8-25-1999 


IND 


Response to FDA Request: reformatted to tabular form information regarding cause of 
death for animals in TK studies 


8-30-1999 


IND 


FDA Request for information: clarification of data in table 


8-30-1999 


IND 


Response to FDA Request: Corrections to table 


9-13-1999 


IND 


FDA Communication granting permission to proceed with proposed clinical studies 


10-13-1999 


IND 


Response to FDA Request: copy of labeling for ZIMOVANE distributed in the UK 


12-7-1999 


IND 


Response to FDA Request for Information dated September 13, 1999, and Protocol 
Amendments: Change in Protocol (Amendments 1 and 2 to Protocol 190-001) and revised 
Protocol 190-001; New Protocol 190-002; and New Investigators (Ruckle and Stoltz) for 
Protocol 190-002 


12-15-1999 


IND 


General Correspondence: Final toxicology reports (28-day mouse, rat, and dog studies) 
expected submission date; up-coming submission of a formal meeting request and 
information package 


1-7-2000 


IND 


Protocol Amendments: Protocol 190-012, Amendment 1, and Modification Notice 1; New 
Protocol 190-026; and New Investigator (M. Cohn) for Protocol 190-012 


1-18-2000 


IND 


General Correspondence: Proposed meeting with FDA regarding development of 
eszopiclone and intent to provide a pre-meeting package 


1-27-2000 


IND 


Information Amendment: Pharm/Tox (study summaries and final reports for 1 
pharmacology study and 12 toxicology studies submitted in draft in original IND, and 
study summaries and final reports for 6 drug metabolism studies provided as new 
information) (9 volumes) 


2-7-2000 


IND 


Information Amendment: CMC (information for comparator drug) 


2-10-2000 


IND 


General Correspondence: Meeting request by Sepracor to discuss development of 
eszopiclone with proposed outline information package 


2-28-2000 


IND 


FDA Communication setting date of pre-NDA meeting: March 20, 2000 


3-2-2000 


IND 


Protocol Amendment: New Investigators (B.Corser, M.Scharf, and J.Schwartz) for 
Protocol 190-026 


3-7-2000 


IND 


Pre-Meeting Information Package for March 20, 2000 (hand-delivered to FDA) 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


3-8-2000 


IND 


Teleconference with FDA regarding details of planned meeting to discuss clinical 
development and proposed NDA 


3-15-2000 


IND 


FDA Request for an additional reviewer desk copy of Serial No. 003, Volume 6, and 
questions regarding Studies 516 and 505 


3-15-2000 


IND 


Response to FDA Request: Provided additional reviewer desk copy of Serial No. 003, 
Volume 6 


3-16-2000 


IND 


Protocol Amendments: New Protocol (Protocol 190-005), and New Investigator (R.Stoltz) 
for 190-005 


3-20-2000 


IND 


General Correspondence: Provided list of attendees for Monday, March 20, 2000 meeting 


3-20-2000 


IND 


Pre-NDA Meeting with the FDA 


3-27-2000 


IND 


Teleconference with FDA: Discussion of FDA comments regarding Protocol 190-026 


3-28-2000 


IND 


General Correspondence: Questions from Sepracor regarding Protocol 190-026 


3-29-2000 


IND 


FDA Request for Information: Formally submit March 28, 2000 questions in hard copy 
with a 1571 Form 


4-4-2000 


IND 


Response to FDA Request: Formal submission of March 28, 2000 questions 


4-4-2000 


IND 


FDA Letter: Pharm/Tox review of the original IND submission completed 


4-26-2000 


IND 


General Correspondence: Status inquiry review of submitted information 


4-27-2000 


IND 


General Correspondence: Sepracor sent additional questions regarding Study 190-026 


5-5-2000 


IND 


Protocol Amendment: New Investigator (eight new principal investigators) for Protocol 
190-026 


5-24-2000 


IND 


Sepracor Minutes of March 20, 2000 Meeting with FDA and Submission of Presentation 
Slides 


5-30-2000 


IND 


Protocol Amendment: New Investigators (Black, Rosenberg, Vollmer, and Zammit) for 
Protocol 190-026 


5-31-2000 


IND 


General Correspondence: Follow-up regarding Sepracor requests for comments for 
Protocol 190-026; timing for an End-of-Phase 2 meeting, Aug-Sept; FDA finalizing its 
minutes from March 20, 2000 meeting 


6-6-2000 


IND 


General Correspondence: Sepracor status inquiry regarding FDA comments for Protocol 
190-026, and scheduling of meeting with FDA. 


6-20-2000 


IND 


General Correspondence: Status update from FDA re Sepracor' s questions 


6-23-2000 


IND 


FDA Minutes of March 20, 2000 meeting between FDA review team and Sepracor 


6-30-2000 


IND 


Information Amendment: Chemistry, Manufacturing, and Controls (update for drug 
product and placebo/diluent; & additional comparator drug and placebo to the same) 


7-7-2000 


IND 


Protocol Amendments: Changes in Protocol Objectives (Amendment 1 to Protocol 190- 
026); Administrative Change 1 to Protocol 190-005; and New Investigator (P.Leese) for 
Protocol 190-005 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


7-11-2000 


IND 


General Correspondence: FDA called regarding status of review and circulating letter, and 
requested Sepracor provide preferred dates for End of Phase II meeting 


7-i R-?nnn 




oenerai v^orresponuence. ruj\ scneuuieu t>nu 01 rnase 11 meeting ior oepxennoer zi, 
2000, and meeting package is due 3-4 weeks prior 


7 i o 9nno 

/-1 7-ZUUH 




itoiocoi /vmenamenxs. rsew rroiocois, [New investigators ror iyu-uiu ^adqouj ano ior 
190-015 (Leese). Information Amendment: CMC alternate supplier of comparator and a 
new dosage form (film coated tablets) 


8-18-2000 


IND 


Submission of draft Protocols 190-045 and 190-046 for FDA for Division review, advice, 
and comment. Protocol Amendment: New Protocol, New Investigator (N Abdou) for 
Protocol 190-019 


8-21-2000 


IND 


General Correspondence: informed FDA of August 18, 2000 submission and confirmed 
End of Phase II meeting for Sentember 21 2000 


8-25-2000 


IND 


Submission of End of Phase II Pre-Meeting Information Package (1 volume) 


8-28-2000 


IND 


General Correspondence: FDA confirmed receipt of End of Phase II Pre-Meeting 
Information Package. 


9-1-2000 


IND 


Protocol Amendment: New Protocol (Protocol 190-045, Amendment 1); and New 
Investigator (B.Corser) for Protocol 190-045 


9-5-2000 


IND 


General Correspondence: change in lab name for Protocols 190-010, 190-015, and 190-019 


9-11-2000 


IND 


General Correspondence: FDA communicated that CMC portion of End of Phase II will be 
independent of and immediately following clinical/tox discussion 


9-13-2000 


IND 


General Correspondence: FDA scheduled CMC portion of End of Phase II Meeting for 
September 26, 2000 


9-15-2000 


IND 


General Correspondence: Discussion with FDA confirming issues to be discussed at the 
End of Phase II Meetings on September 21, 2000 (tox/clin/stats) and September 26, 2000 
(CMC) 


9-15-2000 


IND 


Protocol Amendment: New Protocols, New Investigators for Protocol 190-018 (T.Stock) 
and for Protocol 190-020 (P.Leese) 


9-20-2000 


IND 


General Correspondence: FDA provides list of participants for End of Phase II meeting on 
September 21, 2000 


9-20-2000 


IND 


General Correspondence: Sepracor provides Agenda, Sepracor attendees, and questions for 
FDA discussion for End of Phase II meeting on September 21, 2000 


9-21-2000 


IND 


End of Phase II Meeting (tox/clin/stats) with FDA 


9-22-2000 


IND 


FDA Request for Information: two desk copies of Protocol Amendments (Protocols 190- 
018 and 190-020) 


9-26-2000 


IND 


End of Phase II Meeting (CMC) with FDA 


9-27-2000 


IND 


Response to FDA Request: submission of two additional reviewer desk copies of Protocol 
Amendments (Protocols 190-018 and 190-020) 


10-03-2000 


IND 


Protocol Amendment: New Protocol, New Investigator for Protocol 190-021 (N Abdou) 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


10-5-2000 


IND 


FDA Request for Information: Sepracor's minutes of End of Phase II Meetings on 
September 21 and 26, 2000. 


10-10-2000 


IND 


FDA Request for Information: provide details of abuse liability assessment evaluation 
current procedure 


10-13-2000 


IND 


FDA Request for Information: desk copy of Protocol Amendment submitted October 3, 
2000 


10-13-2000 


IND 


Response to FDA Request: submitted desk copy of October 3, 2000 Protocol Amendment 


10-18-2000 


IND 


FDA communication regarding review of September 15, 2000 submission 


10-19-2000 


IND 


Protocol Amendment: New Protocols, New Investigators. Protocols 190-014, 190-022, 
190-023, and 190-046; Investigator information for these 4 protocols; and 2 new 
Investigators for Protocol 190-045 


10-24-2000 


IND 


FDA Letter regarding notification of content and file date requirements for annual report of 
progress 


10-26-2000 


IND 


FDA Request for Information: desk copy of PK Protocols 190-022 and 190-023, and all 
future PK protocols 


10-26-2000 


IND 


Response to FDA Request: submitted desk copy of PK Protocols 190-022 and 190-023 


10-27-2000 


IND 


FDA Request for Information: another desk copy of October 3, 2000 Protocol Amendment 


10-27-2000 


IND 


Protocol Amendment: New Protocol, New Investigator for Protocol 190-013 
(G.BIoomgren) 


10-30-2000 


IND 


Response to FDA Request: desk copy of October 3, 2000 Protocol Amendment 


11-29-2000 


IND 


General Correspondence: list of FDA attendees at End of Phase II meetings 


12-1-2000 


IND 


Response to FDA Request: submitted Sepracor's End of Phase II Meetings Minutes and 
Statistical Rationale for Protocol 190-046 


12-5-2000 


IND 


FDA Request for Information: electronic copies of Sepracor's End of Phase II Meetings 
Minutes submitted on December 1, 2000 


12-5-2000 


IND 


Response to FDA Request: provided electronic files containing the End of Phase II 
Meetings Minutes submitted on December 1, 2000 


12-7-2000 


IND 


Submitted Annual Report covering the period of August 25, 1999, through August 31, 
2000 (1 volume) 


12-8-2000 


IND 


Protocol Amendment: New Protocol for Protocol 190-049 


1 z-zz-ZUUU 




iniormation Amenument. rnarm/iox ^siuoy summaries anu nnai repurus iur iwu piiaiiu 
studies, nine tox studies, and five drug metabolism studies) (22 volumes) 


1-3-2001 


IND 


Protocol Amendment: Change in Protocol (Amendment 1 to Protocol 190-010); New 
Investigator (J.Walsh) for Protocol 190-045; and New Investigators (10) for Protocol 190- 
046 


1-9-2001 


IND 


FDA Request for Information: desk copy of January 3, 2001 Protocol Amendment 


1-9-2001 


IND 


Response to FDA Request: provided desk copy of January 3, 2001 Protocol Amendment 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


1-18-2001 


IND 


("Tpnpral forrp^nrrnHpripp* Tplppnnfprpnrp with initiatpH hv FDA repardinfT status rsousst 

for study 190-010 by Biopharmaceutics reviewer, & informing FDA study is complete 


1-19-2001 


IND 


Crpnpral OnrrpsnnnHpnrp* Tplpconferpnce with initiated hv FDA repardinff status reouest 
for study 190-022 by Biopharmaceutics reviewer, & informing FDA study is complete. 
Also informed FDA that studies 190-01 1 and 190-048 will be submitted next week 


1-25-2001 


IND 


General Correspondence: Sepracor status inquiry regarding End of Phase II Meetings 
Minutes and 190-046 statistical rationale, to which FDA indicated meeting minutes are 
within 2 weeks of finalization 


1-25-2001 


IND 


FDA Communication providing comments and recommendations from the 
Biopharmaceutical reviewers regarding submissions of October 3, 19, & 27, 2000 


2-22-2001 


IND 


FDA Final Minutes of End-of-Phase II meetings held September 21, 2000 (tox/clin/stats) 
and September 26, 2000 (CMC) 


2-23-2001 


IND 


Information Amendment: CMC (additional film-coated tablet formulation) 


3-1-2001 


IND 


General Correspondence: provided proposed format for presentation of Abuse Liability 
information section of NDA 


3-9-2001 


IND 


General Correspondence: Notified FDA of up-coming two-volume submission that will 
include a request for review and comment 


3-21-2001 


IND 


Sepracor requested FDA comments and advice on an IND and a request for a 
teleconference; Protocol Amendments: New Protocols (190-016 and 190-048); Change in 
Protocols (190-045, -046 and -049) and New Investigators for 190-046, -049 and -014 


3-23-2001 


IND 


General Correspondence: Message from FDA regarding a new FDA medical reviewer and 
requesting recommendations for getting new reviewer up to speed 


3-28-2001 


IND 


General Correspondence: Teleconference with FDA's new medical reviewer discussing 
general program 


3-28-2001 


IND 


Response to FDA Request: send final FDA meeting minutes for the End of Phase II 
meetings held on September 21 and 26, 2000. 


3-30-2001 


IND 


Protocol Amendment: New Protocol (Protocol 190-01 l);New Investigator (D.Morrison) 
for 190-011 


4-9-2001 


IND 


Protocol Amendments: New Protocols (190-024 and 190-025); Revised Protocol 
(Amendment 1 and Revised Protocol for 190-049); New Investigators for 190-013, 190- 
024, 190-025, 190-046, and 190-049 (3 volumes) 


4-12-2001 


IND 


Safety Reports: Event Nos. SU190049-010328.1.I and SU190049-010404.1.I 


4-12-2001 


IND 


Information Amendment: CMC (3.0 mg film-coated tablet formulation and matching 
placebo; and over encapsulated active comparator drug (diazepam tablets) and matching 
placebo) 


4-12-2001 


IND 


General Correspondence: FDA requesting results of the mutagenicity battery conducted 
with eszopiclone, and Sepracor responded that these assays were submitted in December 
2000 


4-19-2001 


IND 


General Correspondence: Teleconference with FDA Medical Reviewer for eszopiclone 
regarding teleconference scheduled for April 23, 2001 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
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(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


4-24-2001 


IND 


Sepracor submitted Briefing documents for teleconference scheduled for April 25, 2001 


A ^ C ^\ t\t\ 1 

4-25-2001 


IND 


Sepracor provided 1 replacement page and one additional page for briefing documents for 
teleconference scheduled for April 25, 2001 


5-4-2001 


IND 


Information Amendment: Pharmacology/Toxicology: Sepracor Document Nos. 190-831 
and 190-832. 


5-9-2001 


IND 


General Correspondence: Sepracor status inquiry to FDA regarding statistical rationales 
submitted tor Protocols lyv-Wj ana iyu-U4o 


5-10-2001 


IND 


telephone Report tor the Status ot 1 90-045 Review. 


5-14-2001 


IND 


General Correspondence: FDA indicated their review of statistical rationales is nearly 
complete 


5-14-2001 


IND 


Protocol Amendment: New Investigators (initial investigators for Protocols 190-016 and 

lOA A/10* natir irmarf irtof Arc fXf Df rt+rt/^rtl C 1 OA All CknA 1 OA QA£\\ 

iyu-U4o, new investigators tor rrotocois iyu-ui i ana ivu-vhoj 


5-17-2001 


IND 


FDA Minute for April 25, 2001 teleconference discussing current status of carcinogenicity 
assessment for eszopiclone 


5-31-2001 


IND 


FDA Request for Information: clarification of Sepracor Document No. 190-818-2000 


6-6-2001 


IND 


Protocol Amendment: New Protocols tor Protocols 1VU-U24, -uzd, -U4o, -U4o, ana -U4y 


6-18-2001 


IND 


Response to FDA Request: information requested by FDA May 31, 2001 


6-22-2001 


IND 


Response to FDA Request: Information Amendment (Pharmacology/ Toxicology) 


6-25-2001 


IND 


General Correspondence: faxed copy of cover letter of Response to FDA Request 
submitted on June 22, 2001 


6-26-2001 


IND 


Fax for Submission of Carcinogenicity Rationale: Telephone conversations were held on 
June 20, 22, 25 and 26, 2001 


6-27-2001 


IND 


FDA Letter regarding statistical review and providing comments regarding Protocols 190- 

r\ A C ] A A C 

045 and -046 


7-3-2001 


IND 


IND Safety Reports: Initial Reports for Event Nos. SUI90049-010418-1, SUI90049- 

ai Ar i£ i OTTTOAA/IO A1ACOO 1 CTTTGAA/tG AIA/IOA 1 CTTTQAA40 AIO^IO 1 anH 

010516-1, oUl90U4V-UlU5zy-i, bUiyuu4y-uiU4zu-i, oUiyuu4y-uiUD iu-i, ana 

OTTTOAA/IO A1A<1/1 1 

ouiyuu4y-uiuj i4-i 


7-3-2001 


IND 


Response to FDA Request: answers to FDA questions regarding Studies 190-045 and -046 


7-5-200 1 


IND 


General Correspondence: Sepracor status inquiry regarding FDA response to Sepracor's 

Tiilir *i OAA1 riiUrMiooi An raAor/linft C+lirlx/ 1 OA A/1 S 

July j, zuu i suomission regaramg oiuay lyu-u^j 


n £ oaai 
/-O-ZUUl 


TAT Pi 
1JNU 


T1SJO Qafp»H/ Ppnnrt- Initial Ppnnrt fnr Pvpnt Nn TTQ004.0-0 1 0699-1 

iinu oaieiy iveport, inuidi ivepuri iur cvciu inu. jui7uut7-uiuuz,i"i 


i & oaai 


1JN1J 


en A T? omnnco tr\ QonrorAr' c Tiil\/ 1 9001 ci ir*m i c c inn rpfmrHiTio Prntnml 100-046 

ru/\ ivesponse to oepraCL>r s juiy j, zuui buuiuiaMuii icgaiuuig nuiut^ui uty 


*7 i a o aa 1 




Kesponse to rUA rvequesi. response to ru/\ s June z/ , zuui icucr rcgaiuuig nuiuwuia 
1 00-04 S nnH —046 


7-10-2001 


IND 


General Correspondence: Correction to July 3, 2001 submission 


7 lO OAA1 


nan 
llNU 


Dacnnnco fr\ T7T^ A T? annpet' infnrmsitirn'i fntir^rnino Prntnpnlc 1 00-04. S nnH 046' 

ivesponse 10 r u/\ xvequesi. lniurniaiiuii ^uncoming nuiunjia 17U"uhj anu vtu, 
QiihmittpH fnr Hi<;rii*i«;inn during Tulv 18 2001 FDA teleconference 


7-94-9001 


rwr> 

LrHLs 


Tnfnrmatinn AmpnHmpnt' Npw Tnvp^tipator** (fi \ for 190-048 


7 11-9001 
f-j l "ZuU 1 




TND 9afetv Rennrt- Initial Renort for Fvent No SUI90049-0 107 18-1 


7-31-2001 


IND 


IND Safety Report: Initial Report for Event No. SUI90048-010723-1 


7-31-2001 


IND 


FDA Request for Information: requesting clarification of information for investigator 


8-1-2001 


IND 


IND Safety Report: Initial Report for Event No. SUI90049-010715-1 


8-2-2001 


IND 


Response to FDA Request for Information: provided clarification of information for 
investigator 


8-2-2001 


IND 


Response to FDA Request information Amendment: Pharmacology / Toxicology 


8-7-2001 


IND 


IND Safety Report: Initial Report for Event No. SU 190049-0 106 16-1 


8-7-2001 


IND 


IND Safety Report: Follow-up Report for Event No. SU190049-010529-1 


8-10-2001 


IND 


Response to FDA Request: Overall Clinical Development Program, Submission of Draft 
Clinical Protocol for Review and Comment 
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Date 
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o-ID-ZUUl 


1JND 


TXrn CafoK/ J}t*nr\rt* Initial Ppnnrt fnr Pvpnt Mn 1 1 Q004R-0 1 OSOfi-1 

IND oaiery ivepon. initial ivepon ior nvem ino. oui^uuho-uivouu-i 


0 1^ OAA 1 


IND 


TXTT* CqfaHrDonrtrtr' Initial P ^r»r\rf fXr F\fAnt "Mf\ QT T 1 Q00 AQ-0 1 077 A- 1 HflH FaIIaW-HA 

IND oaleiy rvcporTS. initial ivepon. ior nvcni rNi>. ou i 7uuh7-u i u / ^o* 1 , aiiu runuw-up 
Reports for Event Nos. SU190049-010514-1 and SU1900449-010715-1 


eoi 0001 

o-l 1-ZUU1 


IND 


TXTr\ Cofot\r DpnArtc Initial T?/=»nnrtc fnr Fvpnt Tslnc TTQ004Q-0 1 07777-1 9T 1TQ0040- 

ijnu oaieiy ivepons. initial ivcpuris ior cvciu in us. o u ijuuh 7 *u 1 u / ^z* 1 , ouiyuvt?* 

010R00 1 anH ^TTTQOOdO 010S16-1 
UlUoUy-1, allU 0 U17UU47-U 1 u J 1 O" 1 


O-Z 1-ZUU 1 


1INU 


uenerai v^orresponuencc. ocpiavui rvctjucai xui ric-i\i-/r\ ivi^ding 


8-23-2001 


IND 


General Correspondence: FDA Response to request for a Pre-NDA Meeting 


O OAA1 

8-23-2001 


IND 


Lrenerai correspondence, oepracor s response 10 ru/\ s proposed uaie ior rre-iNj-//\ 
Meeting 


8-24-2001 


TXTT* 
IND 


IND aatety Keport. initial Keport ^ouojeci u-i/ouuz/kuj ij) 


8-27-2001 


IND 


General Correspondence: Sepracor Request for separate CMC/Biopharm Pre-NDA 
Meeting 


8-28-2001 


IND 


General Correspondence: Follow-up discussion regarding meeting request 


9-4-2001 


IND 


General Correspondence: Scheduling requested CMC Pre-NDA Meeting 


9-4-2001 


IND 


General Correspondence: Request for re-schedule CMC Pre-NDA Meeting due to religious 
holiday 


9-5-2001 


IND 


General Correspondence: Rescheduled CMC Pre-NDA Meeting trom beptemoer it to 
September 28, 2001 


9-10-2001 


IND 


General Correspondence: Teleconference confirming CMC Pre-NDA Meeting details and 
number of Briefing Package copies needed 


9-10-2001 


IND 


Submitted CMC Briefing Package for pre-NDA Type B Meeting 


9-14-2001 


IND 


Response to FDA Request: Transmitted copy of Sepracor Minutes of March 20, 2000 
Meeting with FDA and Submission of Presentation Slides originally sent May 24, 2000 


9-17-2001 


IND 


IND Sarety Reports: rollow-up Keport ^suoject AAi/bUUj/KUuyy; ana rouow-up ivepon 
(subject PGC/S013/R0672) 


9-19-2001 


IND 


General Correspondence: Advise FDA of new Sepracor official correspondent for the 
eszopiclone ind, ana otatus inquiry regarding two reviews currcnLiy unuciwciy uy rL/n 


9-20-2001 


IND 


IND Safety Reports: Initial Reports (Subjects, MAD/S030/R0626 & MAM/S007/R0035) 


9-20-2001 


IND 


Request for comments regarding the proposal for thyroid and estradiol levels in protocol 

1 OA f\A A 

190-049 


9-20-2001 




Oenerai uorresponaence. v^nange or l^ivi^ rre-rNu/\ meeting venue irum lacc-iu ia^c iu a 
teleconference 


9-24-2001 


IND 


Oeneral L/Orresponoence. rax coniirmation 01 leieconxerence aeiaus ior \^ivi^ ric-iNi^/\ 

yy\ c^ati n rr Q pntAmnpr 9 8 9001 

meeting un ocpiciiiDcr ^o, 


9-25-2001 


IND 


General Correspondence: Requesting update on CMC Pre-NDA meeting and follow-up 


a AA 1 

9-26-2001 


TXTTV 

IND 


Oenerai uorresponaence. upaaie on civil^ rre-iNu/\ rvieeiing panitipanii) cinu cuiiiiiicih^ 
on carcinogenicity ^^ai^ ivieeiingj ana cnnicai biuuy iy\}'\)^ i 


O TO OOO 1 


UN u 


n Pn p r!1 l PrkrrAcnAnHpnpp* Fnrcimilp tn FDA reaardino 7-Vear mftuie carcino&enicitv studv 


9-28-2001 


IND 


CMC Pre-NDA Meeting with FDA (Teleconference) 


10-01-2001 


IND 


General Correspondence: Teleconference regarding FDA's receipt of requested 
information from 2-Year mouse carcinogenicity study 


10-3-2001 


IND 


Submission of Briefing Package for Pre-NDA Type B Meeting 


10-9-2001 


IND 


General Correspondence: Submission of Sepracor's Pre-NDA CMC Meeting Minutes 
(Teleconference) 


10-11-2001 


IND 


Protocol Amendments: Change in Protocols for 190-019, -018, and -020 


10-12-2001 


IND 


IND Safety Report: Follow-up/Final Report (Subject ALL/S004/R0285) 


10-12-2001 


IND 


IND Safety Reports: Follow-up Report (Subject C-T/S002/R03 13), Amended Final Report 
(Subject KAH/S007/R0242), Follow-up Report (Subject SBK/S001/R0378), Initial Report 
(Subject KHM/S01 1/R0494), Initial & Follow-up Reports (Subject RPA/S033/R0616) 
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(July 22, 1999 to December 15, 2004) 



Date 
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Activity 


10-18-2001 


IND 


General Correspondence: Sepracor request for information from FDA on Pre-NDA 
ivieeung 


lU-Zj-ZUV 1 




QiiKmiccinn nf PpvicpH nnH AHHitinnal Onp<;tion^ for Prp-NDA Meeting 


10-23-2001 


IND 


General Correspondence: Teleconference confirming FDA's receipt of Updated Questions 
ior iic ~iN vjt\ ivieeiing 


IU-Zj-ZUU 1 


rwn 


fipnarol rnrrpcnnnHpnrp* ^pnrarnr rpnnp^t for information rppardinp* FDA's Pre-NDA 

Review Team Meeting 


IU-Zj-ZUUI 


1FN U 


rax oi lviinuies 01 me ija.ccuiivc v^rvv^ iiiccuug. 


10-26-2001 


IND 


Protocol Amendments: New Protocol, Change in Protocol, New Investigators (6) for 190- 


1 O TO TOO 1 

lu-zy-zuui 


1JNJJ 


T7n A Prp XTn A Timp TK A/fppfinCT 


1A 11 Oflfl 1 

1U-J 1-ZUU 1 




Honorol Pnrrocnnn^pn^p' QuhmirtpH PDA Prp-NnA N/lpptino" A/TinntPR from October 29 

oenerai v^orresponuence. ouumuicu ru/\ r i c-in l//a lvicvting ivimuica uum utiuuci - / , 
9001 


iii 9001 

1 1 -1-ZUU 1 


rwn 


Opnpral f*nrrpcnnnrlpnrp* Prp-NnA Mpptinf* Minutes Fax 


11-6-2001 


IND 


FDA Internal Meeting Regarding Pre-NDA Package - FDA Request for follow-up 
leieconicrence on inuvciiiuci 


11-7-2001 


IND 


IND Safety Reports: Initial Report subject DJS/S002/R0282, Final Follow-up Report 
Qiihiprt FWR/^004/R001 9 and Fnllow-un Renort subiect VLW/S008/R0666 


11 i a onn i 
1 I-14-ZUU i 




(~i(*rn*m\ rrtrrpcnnnHptirp' ^pnrarnr rpniip<it for innut on eSlllh/eNDA 


11-16-2001 


IND 


FDA Letter with comments referencing Sepracor's August 10, 2001 request for comments 


ii in ino i 

i i-iy-zuui 


TXTF* 
1INU 


17 n A T affor \irifKi rnrnmpntc rpf*»rpnr ina ^pnrarnr's A4arr*h 91 9001 rPflllPSt for Comments 

r DrK. i^erxer wiin commenib rcicrciiL/iug ocpia^ui a iviai^ii ^1, ic^uwi hji uuinuiwiua 


11-20-2001 


IND 


Fax from the FDA providing copies of FDA Letters issued November 16 & 19, 2001 


11-20-2001 


IND 


Ueneral Correspondence, intormeu tne uivision 01 upcoming leieconierence wun ui. 
Levin {r L) A-ouJiiv eieciromc suumissionb^ 


11-21-2001 


IND 


IND Safety Reports: Final Follow-up Report (Subject SBK/S001/R0378), Initial Report 

(oUDjeCl Li 1 J/oUUy/ivUf / l J, d.nu llllUal ivcpui L y i iu/ owjf ivwojj 


11-27-2001 


IND 


Pre-NDA Meeting Follow-up Teleconference with FDA 


1 1-28-2001 


IND 


Response to rJJA Kequest. inrormaiion 10 support monuoniig ui cmichjilu icvcia m ^iiniv^ai 
studies. 


11 O O ^ A/\ 1 

1 1-28-2001 


IND 


Protocol Amenament. rsew lnvesugaiors ror iyu-u £ f / vzo^i, aiiu liuuiiiiaLiuii /-viiicnuincia. 
r narmdcoiugy/ lUAi^uiugy icpuita^ 


i i-zv-zuui 


TXT pi 
UN U 


ppcnnncp rn PDA RpnnpQt* pnnv of November 98 2001 Resnonse to FDA Reauest 


11-30-2001 


IND 


General Correspondence: Teleconference with FDA regarding follow-up on Pre-NDA 
nicnnccinnc QnH P p-^nfimiccinn nf thp P^trarliol Monitoring Rationale Information 

L^loCUodlUllo dllU JVC OUUllllaolUll Ui 11 1C L>ouauiui ivxviiitvji nig ivuuuiiuiv imuiiuuuwu 


11-30-2001 


IND 


Response to FDA Request: Information Amendment: Pharmacology/Toxicology (new 
animal siuuy 10 evdiuaic iioriiiunai lcvciay 


1 O 1 OflO 1 

IZ-j -ZUU1 


IlNJJ 


rionorii r^rtrr^crmnH^nrp* QiiKmittprl *Ipnrflpnr'Q Plprtronir Snhmission TeSub^/Electronic 
oenerai ^orrcbpunucin^v. ouuiiiiiicu ocpi atui a xjic-uuwiiiw ouuhiwoiuii ^vuuuj/ ui^vnumv 

MDA rpNDA^ Meeting Minutes (^Teleconference^ 


10 A 9001 
IZ-O-ZUU 1 


LiSU 


rrnA PpniipQt for Information* Pre-NDA Meetine Teleconference 


12-6-2001 


IND 


Information Amendment: Chemistry, Manufacturing, and Controls 


12-7-2001 


IND 


General Correspondence: provided list of attendees at the November 27, 2001 Pre-NDA 
Follow-Up Meeting teleconference 


12-7-2001 


IND 


Response to FDA Request: submitted Sepracor's Pre-NDA Follow-up Meeting Minutes 
(Teleconference) 


12-7-2001 


IND 


Protocol Amendment: New Investigator (Pellegrino) for 190-047 


12-10-2001 


IND 


General Correspondence: Providing list of outstanding pre-NDA questions 


12-10-2001 


IND 


General Correspondence: discussing new Sepracor contact person for eszopiclone 


12-17-2001 


IND 


General Correspondence: Sepracor Request for information on Preclinical Study Design 
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for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


12-18-2001 


IND 


General Correspondence: Discussed outstanding questions with the FDA on Pre-NDA 
Meeting Package Questions 


12-21-2001 


IND 


IND Safety Report: Initial Report (1) 


1-3-2002 


IND 


Cipnpral CnrrpsnfinHenrp* FDA notice nre-a^sipnin*? NDA Number 21-476 to Eszoni clone 
NDA 


1-4-2002 


IND 


Y~\ a 1 A J a /"M * T* a. 1 1~1 ' 1 T» j 1 1 f\t\ f\ A ^ 

Protocol Amendments: Change in Protocol, Revised Protocol 190-047 


1-4-2002 


IND 


General Correspondence: Multiple teleconferences with FDA regarding Preclinical Study 
Design 


1-8-2002 


IND 


General Correspondence: FDA responses to Preclinical Study Design & Pre-NDA Minutes 


l -8-2002 


IND 


FDA Letter regarding FDA comments after review of IND for eszopiclone, and comments 
on the also on the November 30, 2001 Information Amendment 


l -8-2002 


IND 


FDA Letter providing FDA's Minutes from October 29, 2001 Pre-NDA Meeting 


l -9-2002 


IND 


General Correspondence: Follow-up with FDA on FDA's responses to Preclinical Study 
Design and Pre-NDA Minutes 


l -24-2002 


IND 


General Correspondence: FDA stating that entire toxicology section must be duplicated in 
the NDA 


2-2 1 -2002 


IND 


IND Safety Report: Folio w-Up Report (Subject LTJ/S009/R0471) for Study 190-049 


2-26-2002 


IND 


General Correspondence: Discussion of 3 mg tablets 


2-26-2002 


IND 


Protocol Amendments: Change in Protocol for 190-049 (Amendment 3), New 
Investigators (190-049-3, 190-013-2, 190-014-1, 190-026-1, 190-045-3, 190-046-3, 190- 

A,n 1 C — J 1 AA A A O £ \ 

047-15, and 190-048-6) 


2-27-2002 


IND 


IND Safety Report: Initial Report (JHD/S018/R0599) for Study 190-049 


2-28-2002 


IND 


IND Safety Report: Initial Report (Subject S002/R0410/M-B) tor Study 091-049 


3-1-2002 


IND 


General Correspondence: Discussion of CMC stability data formatting, paper review 
copies for NDA, and new FDA Chemistry Team Leader 


3-1-2002 


IND 


IND Safety Report: Initial Report (Subject D717/R0233/AAB) for Study 190-047 


3-3-2002 


IND 


FDA Letter providing comments on Protocol Amendments submitted on October 26, 2001 


3-4-2002 


IND 


General Correspondence: Follow-up discussion with FDA regarding CMC Review Aids 
and paper review copies 


3-6-2002 


IND 


IND Safety Report: Initial Report (Subject DJB/S710/R0404) and Initial Report (Subject 
MAE/SO 14/R0694) for Protocols 190-047 and 190-049 


3-7-2002 


IND 


General Correspondence: Proposal for providing CMC NDA Review aids per March 4, 
2002 teleconference with FDA 


3- ll -2002 


IND 


Official FDA Meeting Minutes from the CMC End of Phase II meeting held on September 
28, 2001 


3-14-2002 


IND 


General Correspondence: US AN name eszopiclone adopted in place of previous chemical 
name (esopiclone) 


3-15-2002 


IND 


IND Safety Report: Follow-up report (Subject TID/S005/R0285) 


3-15-2002 


IND 


IND Annual Report for September 1,2000, through August 31, 2001 


3-26-2002 


IND 


General Correspondence: FDA called to follow-up on the content of the proposal for CMC 
NDA Review Aids Sepracor provided on March 7, 2002 


3-29-2002 


IND 


IND Safety Reports: Initial report for 190-047 (Subject WTB/S173/R0103), 2 Follow up 
reports for 190-049 (RDA/S033/R0616 & DRH/S025/R0636) 


3-29-2002 


IND 


Response to FDA Request: Information relating to Protocols 190-016 and -047 


4-4-2002 


IND 


IND Safety Reports: 2 Follow up reports for 190-047 (Subjects AAB/S717/R0233 
& DJB/S710/R0494). Two initial and one follow up reports for 190-049 (Subjects 
ETL/S011/R0008, TPH/S007/R0665, & MAE/SO 1 4/R0694) 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


4-10-2002 


IND 


IND Safety Reports: Follow up report for 190-047 (Subject DJB/S710/R0494), 
three follow up reports for (Subjects TPH/S007/R0494, MAM/S007/R0035, and 
WTB/S714/R0103) 


4-18-2002 


IND 


General Correspondence: Request for Type A Meeting to discuss plans to submit 
NDA with nonclinical data on mechanistic studies of hormonal changes per FDA's 
November 27, 2001 request 


4-22-2002 


IND 


IND Safety Reports: Initial Report (Subject MTG/S714), Initial Report (Subject 
CAK/S022/R0660), Follow-Up Report (Subject CAK/S022/R0660) for Studies 
190-047 and 190-049 


4-25-2002 


IND 


General Correspondence: Request FDA's Endocrinology Review of Clinical 
Protocols 


4-26-2002 


IND 


Protocol Amendment: New Investigators (190-046) and Other Investigators - 
Revised Forms FDA 1572 (190-024, -046, -047, & -049) 


5-6-2002 


IND 


IND Safety Reports: Follow-up Report (Subject MTG/S714), Follow-up Report 
(Subject JHD/S018/R0599) for Studies 190-047 and 190-049 


5-6-2002 


IND 


Protocol Amendments: Change in Protocol, Revised Protocol 190-049 


5-9-2002 


IND 


IND Safety Reports: Initial Report (Subject GAR/S008/R0222), Initial Report 
(Subject L-H/S007/R0486) for Study 190-049 


5-9-2002 


IND 


Information Amendment: Pharmacology/Toxicology Request to Attend the 
Carcinogenicity Peer Review meeting 


5-10-2002 


IND 


General Correspondence: FDA acknowledged Sepracor's invitation to FDA to 
attend a Peer Review meeting 


5-20-2002 


IND 


IND Safety Reports: Follow-up Report (Subject MTG/S714), and Follow-up 
Report (Subject ETL/S01 1/R0008) for Studies 190-047 and 190-049 


5-21-2002 


IND 


General Correspondence: Teleconference with FDA regarding (1) report of Peer 
Review meeting; (2) FDA response on assessment of the design and collection of 
human hormone data; and (3) Sepracor's change of address 


5-22-2002 


IND 


FDA Letter providing comments regarding Protocols 190-046, -048, and -049 


5-30-2002 


IND 


Notification of change in sponsor's address and relocation downtime of phone and 
electronic systems 


6-14-2002 


IND 


IND Safety Reports: Follow-up Report (Subject L-H/S007/R0486), and Final 
Follow-up Report (Subject S01 1/R0008/ETL) 


6-24-2002 


IND 


IND Safety Reports: Initial Report (Subject S018/R0732/JLH), and Follow-up 
Report (Subject GAR/S007/R0222) for Study 190-049 


7-10-2002 


IND 


General Correspondence: Teleconference with FDA regarding FDA's new 
Chemistry Team Leader and request for additional desk copy of CMC section of 
NDA 


7-19-2002 


IND 


Protocol Amendment: New Investigator (190-049), IND Sponsor Responsibilities. 
Termination of Investigator Participation (B.Lewis) 


7-23-2002 


IND 


IND Safety Report: Follow-up Report (Subject JLH/S01 8/R0732) 


8-7-2002 


IND 


General Correspondence: Request for Type B Meeting to Discuss and Seek the 
Division's Input on Pharmacology/Toxicology Issues 


8-8-2002 


IND 


General Correspondence: Teleconference with FDA confirming receipt of Type B 
Meeting Request Letter, and discussing possible meeting dates 


8-8-2002 


IND 


IND Safety Report: Follow-up Report (Subject GAR/S007/R0222) 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


8-20-2002 


IND 


General Correspondence: Follow-up on Type B Meeting Request proposed dates 
for the end of September/early October 2002 


8-21-2002 


IND 


General Correspondence: FDA contacted Sepracor regarding its decision to deny 
Sepracor's request for a Type B Meeting at this time 


8-26-2002 


IND 


General Correspondence: Teleconference with FDA regarding Request for 
Information relating to Pharmacology/Toxicology and clarification of the Type B 
Meeting request. 


8-26-2002 


IND 


FDA Letter providing comments concerning Protocol 190-016 


8-29-2002 


IND 


FDA Letter of confirmation of FDA denial to Sepracor's request for a Type B 
Meeting 


9-4-2002 


IND 


FDA Request for Information: Requested full reports of studies 190-870, 
Pathology Working Group, and p53 +/ " knockout mouse studies 


9-5-2002 


IND 


Response to FDA Request: Provided by facsimile information requested by FDA 
on September 4, 2002 


9-5-2002 


IND 


General Correspondence: Teleconference with FDA confirming FDA's receipt of 
information, and timing for submission of additional information 


10-3-2002 


IND 


Response to FDA Request: Submission of Preclinical Package with requested 
information on Pharmacology/Toxicology and Type B Meeting Request (1 1 
volumes) 


10-10-2002 


IND 


General Correspondence: Teleconference with FDA confirming receipt of 
Sepracor's October 3, 2002 Preclinical Package 


10-23-2002 


IND 


General Correspondence: FDA contacted Sepracor regarding logistics for 
eszopiclone NDA Meeting in December 2002, and guidelines for the length of 
briefing package and length of the meeting 


10-24-2002 


IND 


General Correspondence: Fax to FDA memorializing October 23, 2002 
teleconference discussion regarding the upcoming NDA Meeting 


11-7-2002 


IND 


General Correspondence: FDA's list of FDA Attendees for December 17, 2002 
meeting 


1 1-20-2002 


IND 


General Correspondence: Teleconference with FDA on the meeting logistics and 
information package for December 17, 2002 meeting 


11-22-2002 


IND 


Submission of Information Package for TYPE B Meeting to discuss issues relating 
to eszopiclone NDA Submission 


11-25-2002 


IND 


Submitted fax revisions November 22, 2002 Information Package 


12-3-2002 


IND 


General Correspondence: Request for specific attendee at NDA Meeting on 
December 17, 2002 


12-6-2002 


IND 


General Correspondence: Teleconference to discuss request for particular attendee 
NDA Meeting on December 17, 2002 


12- 10-2002 


IND 


General Correspondence: Follow Up on the Request for particular attend and 
provision of additional information 


12-12-2002 


IND 


Addendum to TYPE B Meeting Information Package: Pertinent review articles and 
presentation slides 


12-13-2002 


IND 


Addendum II to TYPE B Meeting Information Package: Follow up to Addendum 1 
to the Meeting Information Package for December 17, 2002 Meeting 


12-16-2002 


IND 


General Correspondence: Follow up regarding Addendum II to TYPE B Meeting 1 
Information Package 1 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


12-17-2002 


IND 


Type B NDA Meeting with the FDA 


12-23-2002 


IND 


General Correspondence: Queries regarding outstanding issues for eszopiclone 
NDA submission 


1-8-20003 


IND 


General Correspondence: Teleconference with FDA regarding December 23, 2002 
discussion of queries regarding outstanding issues for eszopiclone NDA 


1-10-2003 


IND 


General Correspondence: Teleconference with FDA regarding provision of 
Sepracor's Meeting Minutes from the December 17, 2002 meeting 


1-10-2003 


IND 


Submission of Sepracor's Meeting Minutes from December 17, 2002 Eszopiclone 
NDA meeting 


1-10-2003 


IND 


General Correspondence: Teleconference with FDA regarding outstanding issues 
concerning the eszopiclone NDA 


1-13-2003 


IND 


General Correspondence: FDA contacted Sepracor to discuss outstanding 
questions concerning the eszopiclone NDA 


1-15-2003 


IND 


FIELD COPY REQUIREMENTS - New England District Office Requirements 
for Eszopiclone NDA Field Copy 


1-16-2003 


IND 


Sepracor's Payment of User Fee (fee for original new drug application requiring 
clinical data) 


1-17-2003 


IND 


General Correspondence: Notice to provide paper copies and/or CD-Rom copies 
in addition to the full electronic NDA (NDA 21-476) 


1-30-2003 


NDA 


Original NDA (eNDA) Submission 


1-30-2003 


NDA 


Original NDA Submission (Field Copy) 


1-31-2003 


NDA 


General Correspondence: Teleconference with FDA confirming Sepracor's 
submission of eNDA on January 30, 2003 


2-5-2003 


NDA 


General Correspondence: Multiple teleconferences with FDA to follow-up with 
FDA after the receipt of the eszopiclone NDA 


2-10-2003 


NDA 


General Correspondence: Teleconference with FDA to answer questions 
concerning timing of NDA/IND Annual Reports 


2-12-2003 


IND 


Official FDA Meeting Minutes from December 17, 2002 Eszopiclone Pre-NDA 
Meeting 


2-12-2003 


NDA 


General Correspondence: FDA contacted Sepracor regarding eszopiclone' s status 
as a new chemical entity (NCE) 


2-27-2003 


NDA 


General Correspondence: FDA contacted Sepracor to advise that a new medical 
reviewer was assigned to the eszopiclone NDA 


2-27-2003 


NDA 


General Correspondence: FDA contacted Sepracor to request Sepracor send the 
new medical reviewer historical information between FDA and Sepracor 


3-6-2003 


NDA 


General Correspondence: Teleconference with FDA regarding FDA's response to 
the two proposed submissions for the NDA 


3-10-2003 


NDA 


General Correspondence: Teleconference with FDA regarding format tor 
eszopiclone NDA Amendment 


3-11-2003 


NDA 


Response to FDA Request: Information concerning Aventis IND 19,258 
withdrawal 


3-12-2003 


NDA 


FDA Request for Information: additional information concerning studies for the 
eszopiclone NDA 


3-12-2003 


NDA 


Submission: Amendment 1 to NDA - Preclinical Minor Amendment NDA Section 
5 J - Corrected Datasets for Studies 190-833 and 190-834 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


3-13-2003 


NDA 


Response to FDA Request: Information requested concerning Eszopiclone NDA 


3-13-2003 


NDA 


Response to FDA Request: Facsimile sending requested nonclinical information 
concerning Eszopiclone NDA 


3-13-2003 


NDA 


General Correspondence: Communication with FDA regarding clarification of the 
subject for the study reports recently submitted 


3-17-2003 


NDA 


Submission: Electronic CMC Review Aid 


3-17-2003 


NDA 


General Correspondence: FDA contacted Sepracor to set up a Teleconference for 
March 18, 2003 to discuss issues relating to Eszopiclone NDA 


3-18-2003 


NDA 


Teleconference with the FDA discussing issues pertaining to Eszopiclone NDA 


3-18-2003 


NDA 


Submission: PDF File Containing a List of Clinical Study Report ERRATA 


3-19-2003 


NDA 


General Correspondence: Communication with the FDA regarding expected timing 
for receipt of requested package of clinical related queries from March 1 8, 2003 
Teleconference 


3-19-2003 


NDA 


Submission: Response to March 18, 2003 Request for information 


3-21-2003 


NDA 


Information for further clarification of clinlab and ECG collections 


3-24-2003 


NDA 


General Correspondence: Teleconference with the FDA to discuss the Clinical 
Study Reports that have separate files of errata 


3-24-2003 


NDA 


Clarification of the Clinical Study Reports submitted on March 19, 2003 


3-24-2003 


NDA 


General Correspondence: Follow-up to Teleconference of March 24, 2003 


3-24-2003 


NDA 


Submission: Response to Request for Information - Clinical Information 


3-25-2003 


NDA 


Response to Request for Information: Clinical Information 


3-25-2003 


NDA 


General Correspondence: Teleconference with the FDA to discuss the potential 
fileability issues identified by the FDA 


3-25-2003 


NDA 


Submission: Amendment 2 to NDA: Errata Incorporated in Clinical Study Reports 
for Studies 190-012, 190-023, 190-026, 190-045 and 190-048 and Revised ISS 
Dataset 


3-26-2003 


NDA 


General Correspondence: Confirmation FDA's receipt of March 25, 2003 
submission 


3-27-2003 


NDA 


FDA Request for Information: copy of the Cover letter and 356h form from the 
March 25, 2003 submission 


3-27-2003 


NDA 


Response to FDA Request: Provided copy of the cover letter and 356h form for the 
March 25, 2003 submission 


3-27-2003 


NDA 


General Correspondence: Teleconference with FDA to discuss the Filing Date, 
PDUFA Date and 74-Day Letter for NDA 21-476. 


3-31-2003 


NDA 


General Correspondence: Confirm the site of Eszopiclone Drug Substance Release 
and the Drug Product Release 


4-1-2003 


NDA 


General Correspondence: Teleconference with FDA confirm receipt of FDA 
queries on BioPharm NDA Section 6 


4-3-2003 


NDA 


General Correspondence: FDA request for information to initiate Good Clinical 
Practices (GCP's) audits at three (3) clinical study sites 


4-14-2003 


NDA 


FDA Filing Review Letter 


4-15-2003 


NDA 


Submission: Request for Division Comments on Additional ISS Analyses, and 
Outline for Consolidated Literature Review 


4-16-2003 


NDA 


General Correspondence: electronic copy of FDA Filing Review Letter for 
eszopiclone 
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for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 
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4-18-2003 


NDA 


General Correspondence: FDA contacted Sepracor to clarify the FDA Biopharm 
Reviewers Request for Information 


4-21-2003 


NDA 


Submission: Response to FDA Request - Information on three Clinical Study sites 
for Good Clinical Practices (GCPs) audits 


4-22-2003 


NDA 


FDA BioPharm responses to the clarification on FDA queries 


4-23-2003 


NDA 


General Correspondence: Clarification on the electronic submission of Eszopiclone 
NDA 21-476 format and content of 120-day Safety Update 


4-28-2003 


NDA 


General Correspondence: Teleconference with FDA regarding follow-up on human 
endocrine study 


5-2-2003 


NDA 


General Correspondence: FDA contacted Sepracor regarding reviewer for 120-day 
Safety Update eSUB Outline 


5-2-2003 


NDA 


General Correspondence: FDA contacted Sepracor to follow-up on Pharm/Tox 
Study 


5-5-2003 


NDA 


General Correspondence: Multiple communications concerning the teleconference 
on human endocrine study protocol 


5-9-2003 


NDA 


General Correspondence: FDA-CDER Electronic Submission Specialist accepts 
Sepracor' s NDA 21-476 120-day Safety Update Format Hierarchy 


5-12-2003 


NDA 


General Correspondence: Sepracor request for a teleconference to discuss CMC 
issues and updates. 


5-14-2003 


NDA 


General Correspondence: Communication with FDA to review attendees from both 
Sepracor and FDA for May 21, 2003 teleconference to discuss Protocols 190-041 
and -042 


5-15-2003 


NDA 


General Correspondence: Sepracor contacted FDA to follow-up on request for 
teleconference to discuss CMC issues and updates, and schedule the same 


5-16-2003 


NDA 


General Correspondence: FDA contacted Sepracor to confirm the CMC issues and 
updates teleconference for May 19, 2003 


5-19-2003 


NDA 


Teleconference between FDA and Sepracor regarding CMC issues and updates 


5-19-2003 


NDA 


General Correspondence: FDA contacted Sepracor indicating that FDA's 
endocrine consultant will attend May 21, 2003 teleconference 


5-21-2003 


NDA 


Teleconference between FDA and Sepracor regarding Protocols 


5-21-2003 


NDA 


FDA Request For Information: complete address of vendor 


5-23-2003 


NDA 


General Correspondence: Sepracor informed FDA the Full Response to the FDA 
BioPharm Review Team will be provided by June 2, 2003 


5-28-2003 


NDA 


General Correspondence: FDA contacted Sepracor regarding timing for Sepracor's 
response to the 74-Day Letter 


5-28-2003 


NDA 


Response to FDA Request: provided complete address for vendor 


5-29-2003 


NDA 


Submission: Amendment to NDA - Clinical Amendment Submission of Amended 
Clinical Study Report 190-046 


6-2-2003 


NDA 


General Correspondence: Sepracor contacted FDA regarding timing of the 120- 
Day Safety Update and responses to 74-Day Letter 


6-5-2003 


NDA 


Submission: Sepracor's Meeting Minutes from May 19, 2003 CMC 
Teleconference 


6-12-2003 


NDA 


General Correspondence: Sepracor contacted FDA to discuss response to 
BioPharm and Pharm/Tox queries by electronic submission 


6-13-2003 


NDA 


Submission: Amendment to NDA - Response to Biopharmaceutical Queries 
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(July 22, 1999 to December 15, 2004) 
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6-16-2003 


NDA 


General Correspondence: FDA contacted Sepracor with questions regarding 
location of study file 


6-18-2003 


NDA 


Submission: Response to Pharmacology/Toxicology Reviewer Request on 
Historical Control Data 


6-23-2003 


NDA 


General Correspondence: FDA contacted Sepracor to discuss FDA's questions 
regarding the recent electronic submission on validation reports 


6-24-2003 


NDA 


Submission: Plan for Response to Filing Review Letter 


6-24-2003 


NDA 


Teleconference with FDA BioPharm Reviewer to clarify outstanding issues 
relating to submission of validation reports 


6-30-2003 


NDA 


Submission: Amendment to NDA - 120-Day Safety Update 


6-30-2003 


NDA 


General Correspondence: FDA contacted Sepracor to discuss FDA BioPharm 
response to Sepracor's Follow-Up relating to submission of validation reports 


7-3-2003 


NDA 


General Correspondence: Communications with FDA transmitting BioPharm 
information on validation reports 


7-8-2003 


NDA 


FDA Request for Information: additional Biopharm questions 


7-8-2003 


NDA 


Submission: Additional Response to Biopharmaceutical Queries 


7-9-2003 


NDA 


General Correspondence: FDA contacted FDA to follow-up Division of 
Neuropharmacological Drug Product questions 


7-10-2003 


NDA 


General Correspondence: FDA contacted Sepracor to follow-up on inquiries of 
data files the Original NDA 21-476 


7-10-2003 


NDA 


Response to FDA Request: providing response to July 8, 2003 BioPharm request 


7-10-2003 


NDA 


General Correspondence: Sepracor presented questions to new FDA Regulatory 
Project Manager 


7-11-2003 


NDA 


General Correspondence: providing FDA with additional information concerning 
study 


7-15-2003 


NDA 


Submission: Amendment to NDA - Chemistry, Manufacturing and Controls 
(stability updates) 


7-15-2003 


NDA 


Submission: Amendment to NDA: Chemistry, Manufacturing and Controls 
(stability updates) - FIELD COPY 


7-16-2003 


NDA 


General Correspondence: Sepracor contacted FDA to follow up on Sepracor's 
queries and changes at the Division 


7-17-2003 


NDA 


General Correspondence: FDA contacted Sepracor concerning supporting evidence 
in the Original NDA 21-476 annotated label under special population 


7-18-2003 


NDA 


General Correspondence: Follow-up on discussions regarding Annotated Label - 
Special Population of original NDA 


7-21-2003 


NDA 


General Correspondence: communications relating to code FDA used for SAS 
meta analysis 


7-22-2003 


NDA 


General Correspondence: Communication relating to clarification on the use of the 
code for SAS meta analysis. 


7-23-2003 


NDA 


General Correspondence: provided location of code for SAS meta analysis 


7-24-2003 


NDA 


FDA Request: clarification of questions regarding assessment of postmarketing 
cancer reports provided in 120-day Safety Update 


7-25-2003 


NDA 


Submission: Electronic CMC Review Aid and Paper Copy of CMC Amendment 
dated July 15,2003 
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7-29-2003 


NDA 


Response to FDA Request: Sepracor's plan of response to FDA's July 24, 2003 
request, and submission of Sepracor questions regarding division changes 


7-30-2003 


NDA 


General Correspondence: FDA correspondence referencing July 25, 2003 
submission redirecting mailing of e-submissions 


7-31-2003 


NDA 


General Correspondence: Request for teleconference from FDA Pharm/Tox 
Reviewer on upcoming nonclinical submissions 


7-31-2003 


NDA 


FDA Response to July 29, 2003 questions regarding changes at the Neuropharm 
division and query on program/software used in data analysis. 


8-4-2003 


NDA 


Response to FDA Request: provided information regarding study site audits 


8-4-2003 


NDA 


General Correspondence: Questions for upcoming nonclinical submission 
teleconference. 


8-6-2003 


NDA 


General Correspondence: teleconference scheduling with Pharm/Tox Reviewer on 
upcoming nonclinical submissions 


8-6-2003 


NDA 


FDA Request for Information: pharm/tox sample collection times 


8-7-2003 


NDA 


Response to FDA Request: provide clarification of sample collection times 


8-7-2003 


NDA 


General Correspondence: scheduling of teleconference 


8-7-2003 


NDA 


Response to informal observations made during Bioresearch Monitoring 
Inspection July 15-29, 2003 


8-8-2003 


NDA 


General Correspondence: Clarification on use of SPSS software 


8-14-2003 


NDA 


General Correspondence: confirmation of receipt of request for information 


8-25-2003 


NDA 


General Correspondence: follow-up to requested re-analysis of bioequivalence 
study 


8-27-2003 


NDA 


FDA Request for Information: clarification of USAN name for eszopiclone 


8-27-2003 


NDA 


Response to FDA Request: provided USAN adoption letter for eszopiclone and 
print out of the official name listing 


8-27-2003 


NDA 


FDA Request for Information: additional information on biostats, 120-day safety 
update, and pharm/tox teleconference issues 


8-28-2003 


NDA 


Submission: Amendment to NDA: Pharmacology /Toxicology Amendment 6 


8-28-2003 


NDA 


Submission: Amendment to NDA: Response to Filing Review Letter (74-Day 
Letter) 


8-28-2003 


NDA 


General Correspondence: issues pertaining to the upcoming teleconference on 
September 3, 2003 


8-28-2003 


NDA 


FDA Letter finding Sepracor to be compliant with applicable statutory 
requirements per FDA inspection (7/15-7/29/03) 


8-28-2003 


NDA 


General Correspondence: Follow-up to confirming sufficiency bioequivalence 
analysis of 2 mg and 3 mg Clinical Service and Intended-for-Market Formulations 


8-29-2003 


NDA 


Response to FDA Requests: regarding biostats, 120-day sarety update, and 
pharm/tox issues 


9-3-2003 


NDA 


Teleconference between FDA and Sepracor 


9-4-2003 


NDA 


Response to questions regarding location of metabolic scheme for zopiclone 


9-4-2003 


NDA 


Response to request minutes of eCAC meeting re: zopiclone 


9-5-2003 


NDA 


Report encompassing communications from September 4-5, 2003 


9-5-2003 


NDA 


Response to FDA Request: information requested during September 3, 2003 
teleconference 
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Chronology of Significant Activities Regarding END 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


9-5-2003 


NDA 


Response to FDA Request: Follow-up on request for information on metabolic 
scheme for eszopiclone and drug-drug interactions 


9-10-2003 


NDA 


General Correspondence: provided requested guidance regarding locating raw 
data original NDA 


9-11-2003 


NDA 


Response to FDA Request: provide response to September 3, 2003 teleconference 
questions 


9-12-2003 


NDA 


Response to FDA Request: complete response to queries on post marketing cancer 
reports in 120 day Safety Update 


9-12-2003 


NDA 


FDA Request for Information: questions on Pharm/tox CAC data 


9-12-2003 


NDA 


Response to FDA Request: regarding pharm/tox CACA data 


9-15-2003 


NDA 


Request for further clarification on SAS code provided September 5, 2003 


9-16-2003 


NDA 


FDA reply and comment on information to be sent to FDA by September 1 8, 2003 


9-17-2003 


NDA 


Response to FDA Request: BioPharm query 


9-18-2003 


NDA 


FDA Request for Information: regarding SAS programs 


9-19-2003 


NDA 


General Correspondence: Action plan regarding mouse and rat carcinogenicity 
studies 


9-22-2003 


NDA 


Response to FDA Request: supplied SAS program code per September 1 8, 2003 
request 


9-24-2003 


NDA 


General Correspondence: Sepracor request for teleconference with 
clinical/statistical reviewers 


9-24-2003 


NDA 


General Correspondence: follow-up with FDA on action plan to respond to FDA 
queries 


9-24-2003 


NDA 


General Correspondence: FDA agrees to a face-to-face meeting to discuss the 
evidentiary basis for longer term administration claim for and to confirm that no 
Advisory Committee is necessary 


9-25-2003 


NDA 


General Correspondence: Follow-up with FDA on Action Plan submitted on 
September 19, 2003 


9-30-2003 


NDA 


General Correspondence: FDA response to Sepracor's Action Plan regarding 
mouse and rat carcinogenicity studies 


9-30-2003 


NDA 


General Correspondence: Sepracor's response to FDA request for all inquires to go 
through program director 


9-30-2003 


NDA 


General Correspondence: FDA advised it will be delayed in sending questions 
from pharm/tox reviewers 


9-30-2003 


NDA 


FDA Request for Information: Questions from FDA Controlled Substance Staff on 
Statistics 


10-1-2003 


NDA 


FDA Request for Information: Question from FDA Pharm/Tox Reviewer 


10-1-2003 


NDA 


FDA response to Sepracor's September 19, 2003 communication referencing 

resubmission of carcinogenicity data tiles tor NDA zl-4/o 


10-1-2003 


IND 


General Correspondence: FDA advises that eszopiclone IND 58,647 Transferred 
from the Division of Neuropharmacological Drug Products to the Division of 
Anesthetic, Critical Care and Addiction Drug Products 


10-1-2003 


IND 


General Correspondence: Follow-up with FDA on teleconference scheduling with 
the Division of Neuropharmacological Drug Products for Phase 3b protocols and 
accompanying questions 


10-1-2003 


NDA 


Discipline Review Letter: Outlining 28 deficiencies in the CMC section of the NDA 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(Jury 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


10-2-2003 


IND 


Request for Type A Meeting to discuss matters relating to our pending application 
and new clinical trials 


10-3-2003 


IND 


General Correspondence: Follow-up with FDA regarding October 2, 2003 request 
for Type A Meeting 


10-6-2003 


IND 


FDA Notice that eszopiclone IND transfer is complete, and the Type A Meeting 
request is approved and will tentatively be held on January 14, 2004 


10-7-2003 


IND 


FDA declines request for Type A Meeting (as requested October 2, 2003) 


10-8-2003 


IND 


General Correspondence: Follow-up with of Neuropharm on the e-mail response of 
October 7, 2003 to a request for a Type A Meeting 


10-10-2003 


IND 


General Correspondence: Meeting Request to the Division of 
Neuropharmacological Drug Products 


10-10-2003 


NDA 


Response to FDA Request: regarding FDA's October 1, 2003 question concerning 
pharm/tox 


10-14-2003 


NDA 


Submission: Request for Teleconference in Response to CMC Discipline Review 
Letter 


10-14-2003 


NDA 


Nonclincal Response: Datasets of mouse and rat carcinogenicity studies 


10-16-2003 


NDA 


Submission: Amendment to NDA: Biopharmaceutical Information Submission of 
Amended Clinical Studv Report 


10-16-2003 


NDA 


Response to FDA Request: information regarding data analysis 


10-22-2003 


NDA 


FDA Letter - Response to request for meeting with DNDP 


10-22-2003 


NDA 


FDA Request for Information: additional request from pharm/tox reviewer 


10-23-2003 


NDA 


Response to FDA Request: provided response to October 22, 2003 pharm/tox 
request 


10-23-2003 


IND 


FDA Letter - Confirming Type C Meeting (teleconference) between DACCADP, 
DNDP and Sepracor on January 14, 2004 


10-24-2003 


NDA 


General Correspondence: provide a copy of a new journal article and a 
corresponding editorial article 


10-24-2003 


NDA 


General Correspondence: Follow-up with FDA Division of Neuropharm 


10-24-2003 


IND 


General Correspondence: request for a teleconference/written feedback from the 
Division of Anesthetic, Critical Care and Addiction Drug Products 


10-29-2003 


IND 


General Correspondence: Response from FDA to requests from Sepracor for 
Division of Anesthetics feedback 


10-31-2003 


IND 


General Correspondence: Clarification of Request to Division for input 


11-10-2003 


NDA 


General Correspondence: Follow-up with FDA (Division of Neuropharm) on 
Sepracor' s request for information - EC AC meeting, proprietary name and 
PDUFA action letter logistics 


11-11-2003 


NDA 


Submission: Plan for Response to Chemistry Discipline Review Letter 


1 1-13-2003 


Press 
Release 


Stating that the rUA has extended trie review timetauie ior eszopiclone, cnanging 
it from November 29, 2003 to February 29, 2004 


11-13-2003 


NDA 


General Correspondence: Follow-up with FDA on PDUFA Extension 


11-14-2003 


NDA 


General Correspondence: Request to submit certain e-mail communications (with 
attachments) to NDA in accordance with electronic submission guidance. 


11-19-2003 


IND 


Submission: Type C Meeting Confirmation 


11-19-2003 


NDA 


General Correspondence: Request information on logistics of NDA transfer from 
the Division of Neuropharm to the Division of Anesthetic 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


11-24-2003 


NDA 


Submission: Nonclinical Studies Cross-Referenced to NDA 21-476 


11-24-2003 


NDA 


General Correspondence: Proposed teleconference with FDA to Discuss CMC 
Issues on December 8, 2003 


11-25-2003 


NDA 


Submission: Amendment to NDA Electronic (eNDA) Submission of Clinical and 
Pharmacology/Toxicology Data Currently under Review 


11-26-2003 


NDA 


FDA Request for Information: Update on status of rat reproductive study 


11-28-2003 


NDA 


FDA Letter: Review extension letter, extending from November 29, 2003 to 
February 29, 2004 


12-3-2003 


NDA 


Response to FDA Request: response to November 26, 2003 request regarding rat 
reproductive study 


12-3-2003 


NDA 


FDA Request For Information- list of questions to be discussed during CMC 
Teleconference on December 8, 2003 


12-4-2003 


NDA 


Response to FDA Request: Proposed agenda, list of Sepracor attendees, and 
specific questions for CMC teleconference on December 8, 2003 


12-8-2003 


NDA 


CMC Teleconference between FDA and Sepracor 


12-16-2003 


IND 


Submission: Desk copies (5) of Type C Meeting Information Package for the IND 


12-16-2003 


NDA 


Submission: Acknowledgement of Extension of PDUFA date 


12-18-2003 


NDA 


General Correspondence: Pharm/Tox: Summary of rat reproductive study 


12-18-2003 


NDA 


Submission: Summary of Key Findings for Study (rat reproductive study) 


12-22-2003 


NDA 


Submission: Sepracor's Minutes of December 8, 2003 CMC Teleconference 


12-23-2003 


TXT l - ^ 


IND Annual Report: September 1, 2002 through August 3 1 , 2003 


12-23-2UU3 


TKTT"\ 
1JNU 


Protocol Amendment: New Investigators (190-050), Revised FDA form 1 572 
(190-050) 


1-6-2004 


IND 


General Correspondence: Confirmation of location and time for Type C Meeting to 
be held at FDA on January 14, 2004 


1-9-2004 


IND 


General Correspondence: Postponement of January 14 meeting between FDA and 
Sepracor 


1-16-2004 


IND 


Protocol Amendment: New Protocol, New Investigators (190-052) 


1-21-2004 


NDA 


General Correspondence: Communication regarding ECAC discussion and 
decision regarding trade name 




rsTDA 

INlV/A. 


rfpnpral Pnrre^nnndence' inauirv reeardine ECAC meeting, if any, and trade name 

IwV Iv VY 


1-23-2004 


IND 


Protocol Amendment: New Investigators (190-050) 


1-27-2004 


NDA 


General Communication: FDA contacted Sepracor regarding transmittal of rat 
study to Pharm/Tox reviewer 


2-2-2004 


NDA 


Letter to Field Office: Notification of Electronic Submission to CDER- 
Amendment to a Pending Application: Response to Chemistry Discipline Review 
Letter Dated October 1, 2003 


2-6-2004 


NDA 


Submission: Response to CMC Discipline Review Letter 


2-6-2004 


NDA 


Response to FDA Request: provided Pharm/Tox Report 


2-6-2004 


IND 


Protocol Amendment: New Protocol, New Investigator (190-054 and 190-055) 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
for LUNESTA™ (eszopiclone) Tablets 



(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


2-9-2004 


NDA 


General Correspondence: Provided desk copy of rat study and related papers 


9-1 1 -9004 


1> lJ t\ 


^lihmission* AmpnHmpnt to NDA* Submission of Audited Draft ReDOrt on Rat 
Reproductive Senescence 


2-11-2004 


NDA 


General Correspondence: Follow-up communications regarding submission of 

mir1itf*H Hrafr rpr^ort for rat rpnroHiiftlVf* stunv 


2-12-2004 


NDA 


General Correspondence: Inquiry into unreturned messages by FDA 


Z-l J-ZUU4 


1IN1J 


Protocol Amendment: Change in Protocol, New Investigators (190-052) 


Z-l /-ZUU4 


JN1JA 


oenerai uorresponaence. v^ommunicauons uiscusaing siaiub 01 peiiumg i^iurv 
action 


Z-2U-ZUU4 


NUA 


oenerai uorresponuence. ronow-up 10 reDruary 1 /, zuuh ouiivcibduuii - pa^Kagc 
signed February 19, 2004 and will be delivered to Dr. Temple today, with expected 
rL/urn leuer issuance reuruary z,/, /.uuh 


2-23-2004 


NDA 


General Correspondence: Foliow-up communications on delivery of PDUFA 
acnon leuer package 


2-24-2004 


IND 


Protocol Amendment: Revised FDA form 1572 (190-050) 


2-24-2004 


NDA 


General Correspondence: Action Letter is with the ODE I Division Director and 
probably will not be processed and signed before February 27, 2004 


2-24-2004 


NDA 


General Correspondence: Sepracor informed FDA of interim Sepracor contact 
person 


2-25-2004 


NDA 


General Correspondence: FDA informed Sepracor that Action Letter will not go 
out before the afternoon of February 27, 2004 


2-27-2004 


NDA 


General Correspondence: FDA contacted Sepracor to inform that Action Letter had 

Vt£»£»n cirmprl onrl wuc A rvnrnvaniP 
UCCU bl^IlvU dllU W do r\|jpiUV duic 


2-27-2004 


NDA 


FDA Letter: Approvable letter for NDA 21-476 


3-1-2004 


NDA 


General Correspondence: Communication to discuss NDA logistics, Request for 
End of Review Conference, and obtain name of Regulatory Project Manager 
assigned to the NDA 


3-2-2004 


NDA 


Submission: Acknowledgement of Approvable Letter and Notification of Intent to 
File an Amendment per 21 CFR 314.1 10(a)(1) 


3-3-2004 


IND 


General Correspondence: Request for Cancellation of Type C Meeting 


3-5-2004 


IND 


Protocol Amendment: New Protocol, New Investigators (190-054 (48) and 190- 
055 (42)) 


J-5-Z0U4 




ouomission. ivequesi ior sluq oi xveview \^oiucrciioc 


3-8-2004 


NDA 


General Correspondence: Communications to discuss Sepracor's upcoming letter 
of intent to amend the NDA; to confirm FDA's receipt of request for end of review 
conference, and inform FDA that Sepracor expects conference to be a Type A 
Meeting 


3-9-2004 


NDA 


Submission: Request for Final Report/Summary from the Executive 
Carcinogenicity Assessment Committee (Executive CAC) 


3-10-2004 


IND 


Protocol Amendment: Revised Forms FDA 1572 (Protocol 190-029) 


3-11-2004 


NDA 


General Correspondence: Follow-up with FDA concerning the End of Review 
Conference date and to confirm that FDA has received recent submissions 
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Chronology of Significant Activities Regarding IND 58,647 and NDA 21-476 
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(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


3-12-2004 


IND 


Protocol Amendment: New Protocol, New Investigators (190-052 (25)) 


3-15-2004 


NDA 


General Correspondence: Inquiry to confirm that NDA will continue to reside at 
HFD-120 instead of being transferred to DACCADP (HFD-170) 


3-16-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP000040) 


3-16-2004 


IND 


Protocol Amendment: Change in Protocol 190-052 (Amendment 2) 


3-18-2004 


NDA 


General Correspondence: Follow-up on date for end of review conference 


Tin OAA/t 


JNUA 


r^anorol C** 1 r\rrf±aT\r\r\(\f±Y\Cf* ' PH A T?PCnriTlCP tn QllHtTH AT15 HflfpH A/Tai*ch S & 9 2004 

vJCncral l^OITGSponUCIlLC. xxJrx IVCopuiloC IU auuiiiio&iuiio uaitu ivacuvh j ^vv-t 

granting meeting request & scheduling for April 16, 2004. 


O in OA A A 


JNUA 


Vjeneral L^OrTcSpOnuenCC oepidVUr d.vVvpiaill'C Ul npui iu, z.v/i/'t iiiwuiig, uavv, uuvi 

Request to discuss the nomenclature issue 


3-22-2004 


NDA 


FDA Letter: List of FDA attendees for April 16, 2004 Type B Meeting 


3-24-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP000047, 2004SP000048) 


3-29-2004 


JNUA 


vjeneral L/Oiresponuence. inquiry as 10 uic iiuuiuvi ui inccung uuuiinanuu 
packages needed by FDA for the April 16, 2004 Type B Meeting 


3-31-2004 


NDA 


General Correspondence: Regarding list of FDA attendees for the Type B Meeting 
scheduled tor April lo, zuu4 


3-31-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP00005 1) 


4-1-2004 


NDA 


Submission: Type B Meeting Information Package 


4-2-2004 


NDA 


General Correspondence: Request confirmation of FDA's receipt of Type B 
Meeting Information Package 


4-2-2004 


NDA 


General Correspondence: Submission of Type B Meeting Information Package 
contained an audio CD not arcnivaoie at uentrai l^ocumeni rvuoin \nu uccu iu 
resubmit) 


4-5-2004 


IND 


Protocol Amendment: New Investigators (190-054 and 190-055) 16 new 
Investigators 


4-7-2004 


NDA 


General Correspondence: FDA communication changing meeting date to May 4, 
oaa/I nr\A ir»rlir»atin rr rpcii^micQinn will Hp CMa^s TT resubmission 

ZUUt", aUQ inUlCctllllg lOoUUIUloolVJH will & \_/iaaa xx iwouuuiiljjivh 


4-12-2004 


NDA 


General Correspondence: Sepracor acceptance of new meeting date of May 4, 

ZUU4 


4-13-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP000048-FU1) 


4-13-2004 


rvrrv 

IND 


Protocol Amendment: rview investigators ivevisea rorms> run i j /z^nuiu^ui i^v 
052) 7 new investigators and 12 revised 


4-14-2004 


NDA 


General Correspondence: Follow-up on Nomenclature; Classification of the 
Resubmission; and End of Review Meeting Logistics 


4-20-2004 


NDA 


General Correspondence: Follow up request for FDA attendees for May 4, 2004 
End of Review meeting, and to confirm contact information 


4-20-2004 


IND 


IND Safety Reports: Initial Reports (MFR Nos. 2004SP000067, and 
2004SP000068) 


4-23-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP000070) 
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Date 


Type 


Activity 


4-30-2004 


END 


IND Safety Reports: Initial Reports (MFRNos. 2004SP000080, and 
2004SP000082) 


4-30-2004 


NDA 


General Correspondence: FDA attendee list for May 4, 2004 meeting 


5-3-2004 


NDA 


General Correspondence: adding two people to the FDA attendee list for May 4, 
2004 meeting 


^ A 0(\C\A 


XTTi A 


fif»nAt*Ql pArrPcnr\nHpnpP' XTp\x/ PTlA QttpnHpP lict far \As\\I A 9004 TTlPPtin CT With 

vjcncrai v^orTCoponueiiL'C. incvv ruA aitciiucc iim iui Lviay t, iuut mewling wmi 
new additions 


J-4-ZUU4 


JNJJA 


End of Review Meeting between FDA and Sepracor 


5-6-2004 


IND 


Protocol Amendment: New Investigators (190-052 and 190-054) 4 new 
investigators 


5-7-2004 


IND 


IND Safety Reports: Initial Report (MFR No. 2004SP000084), Follow-Up Report 
(MFRNo. 2004SP000067-FU1) 


5-10-2004 


NDA 


General Correspondence: Sepracor sent FDA a complete list of Sepracor attendees 
to Mav 4. 2004 meeting, and a request for clarification on the Biopharm Waiver 




NDA 


General Correspondence: Communication to FDA relating to open issues 


5-14-2004 


IND 


IND Safety Reports: Initial Report (MFRNo. 2004SP000090) 


5-17-2004 


NDA 


General Correspondence: FDA Response regarding the BioPharm bioequivalence 
waiver 


j-ZU-ZUU^f 




Qnhmiccinrr ^r»nnQnr Mfptina Minutes for Mav 4 2004 Rnd of Review meeting 


5-21-2004 


IND 


Protocol Amendment: Revised Forms FDA 1572 (190-029, 190-050) 


5-21-2004 


IND 


IND Safety Reports: Follow-Up Report (MFR No. 2004SP000049-FU1) 


^-Z4-ZUU4 




c±c>rM*rci\ rnrrpcnnnHpnpp' Fnl1nw-nn nn nronosed new trade name and Seoracor's 
request for a full waiver of pediatric studies 


5-27-2004 


IND 


IND Safety Reports: 2 follow-up reports (MFR Nos. 2004SP0000067-FU2, and 
2004SP0000084-FU1) 


6-2-2004 


NDA 


General Correspondence: FDA Response regarding new trade name and pediatric 
studies 


6-3-2004 


NDA 


General Correspondence: Inquire as to FDA's receipt of Sepracor's Meeting 
Minutes, and expected delivery date of FDA's Official Meeting Minutes 






IND Safety Report Initial Report (MFR No. 20U4i>PUUUl 1 i) 


6-4-2004 


IND 


Protocol Amendment: New Investigators (190-052, 190-054 and 190-055) 


6-10-2004 


NDA 


General Correspondence: Communication lntorming ruA 01 resuomission timing, 
inquiring about meeting minutes, and need to submit draft promotional material in 
resubmission 


6-14-2004 


NDA 


Submission: Complete response to Action Letter dated February 27, 2004 


6-14-2004 


IND 


IND Safety Report: 7 Day Initial Report (MFR No. 2004SP000129) 


6-15-2004 


IND 


IND Safety Report: 1st follow-up Report (MFR No. 2004SP000082), and 2nd 
follow-up report (MFRNo. 2004SP000084) 
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(July 22, 1999 to December 15, 2004) 



Date 


Type 
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6-16-2004 


NDA 


Submission: Field Office notification that the Complete response to Action Letter 
dated February 27, 2004 has been submitted to FDA 


6-16-2004 


NDA 


General Correspondence: Requesting confirmation of FDA Division receipt of 
resubmission 


6-18-2004 


IND 


IND Safety Reports: Initial Report (MFRNo. 2004SP000129), Follow-Up Report 
(MFRNo. 2004SP000068-FU1) 






n . i * i . ti • t tp T?T"\ A 1 CT1 /I A A A C A\ 

Protocol Amendment: Revised Forms FDA 1572 (190-050) 


O-Zj-ZUU'f 




IND Safety Report: Initial Report (MFR. No. 2004bF000130) 


6-29-2004 


IND 


IND Safety Reports: Follow-up Reports (MFR. Nos. 2004SP000070, 
2004SP0001 13, 2004SP000128, and 2004SP000129) 


6-29-2004 


NDA 


General Correspondence: Follow-up on NDA Resubmission and inquire as to 
1 4-Hav arknnwledfrement of full resoonse classification, and new 2nd cycle 
PDUFA due date for action on resubmission 






Protocol Amendment: New Investigator 190-052 


6-30-2004 


NDA 


General Correspondence: Informing FDA of temporary Sepracor contact person 
through July 6, 2004 


7-9-2004 


IND 


IND Safety Report: 2004SP000139 - DRAFT Medwatch Form FDA 3500A. 


7-12-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP0001 39) 


7-13-2004 


NDA 


General Correspondence: Follow-up on NDA resubmission: Confirm receipt of 
resubmission, completeness, and new action date 


7-15-2004 


NDA 


FDA Letter acknowledging receipt of Sepracor's complete response to the 
agency's Action Letter of 2/27/2004 


7-15-2004 


NDA 


General Correspondence: Sepracor's acknowledges receipt of FDA Letter 
concerning the complete response to the agency's Action Letter of 2/27/2004 


7-15-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP0001 51) 






General Corresnondence' Follow-uo with FDA regarding package on new 
proposed trade name 


7-23-2004 


NDA 


General Correspondence: Follow-up with the Division of Neuropharmaco logical 
Drug Products: Status of alternate trade name 


7-26-2004 


NDA 


General Correspondence: Informal update to CMC team leader at FDA providing 
quick update on Type-II DMF's for racemic zopiclone 


7-26-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP000 1 55), Initial Report (MFR 
No. 2004SP000156) 


8-2-2004 


IND 


Protocol Amendment: New Investigators (190-050) 


8-4-2004 


NDA 


FDA Request for Information: CMC inquiry 


8-5-2004 


NDA 


Response to FDA Inquiry: CMC Inquiry 


8-9-2004 


NDA 


FDA Request for Information: courtesy desk copies of CMC Submissions from 
2/6/2004 and 6/14/2004 


8-9-2004 


NDA 


General Correspondence: confirmation of temporary FDA contact person while 
primary contact is on vacation 
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8-9-2004 


NDA 


General Correspondence: Review of proposed alternate trade name 


8-9-2004 


IND 


IND Safety Report: Initial Report (MFR No. 2004SP0001 72) 




TXTT>1 
1IN1J 


Protocol Amendment: Revised Forms FDA 1572 for Protocol 190-052 (44 
investigators) 


8-10-2004 


NDA 


General Correspondence: Follow up on primary alternate trade name, and inform 
FDA of plans for submitting the secondary back-up trade name 


8-10-2004 


NDA 


Submission-Response to FDA Request: providing paper desk copies of CMC 
Information dated February 6, 2004 and June 14, 2004 


8-11-2004 


NDA 


Submission: Amendment to NDA: Submission of an Alternate Proprietary Trade 
iName 


8-12-2004 


NDA 


FDA Request for Information: Desk copies (3) of electronic submission of August 

1 1 , ZUUH 


8-12-2004 


NDA 


Submission: Response to FDA Request: providing desk copies (3) of August 11, 

ZuUt rVllcmdlC rrupncidxy llauc lvalue suumiooivjn. 


8-17-2004 


NDA 


Response to FDA Request: providing response to August 5, 2004 request 


8-18-2004 


IND 


IND Safety Report: Follow-Up Reports (MFR Nos. 2004SP0001 13-FU2, and 
2004SP000156-FU1) 


8-20-2004 


NDA 


Submission: Amendment to NDA: Response to FDA Request for Information 
regarding racemic zopicione 


8-23-2004 


NDA 


Submission: Field Office notification of Electronic Submission to CDER - 

Amonrimont tr\ o Por»Hirirr A r\r»1ir*Qtir*n * TJpQnntiQP tn FF)A "Reniiftst for Information 
/\menomenx 10 a r enuing /\ppiiL/aiiun. ivcopuiiac i\j ± Ljrx ivvijuvdi .iihwahiuh^ai 


8-25-2004 


IND 


IND Safety Report: Follow-Up Reports (MFR Nos. 2004SP000180, and 
2004SP000139-FU1), Follow-Up Report (MFR No. 2004SP000090-FU1) 


8-26-2004 


NDA 


Submission: Amendment to NDA: Chemistry, Manufacturing and Controls 


8-27-2004 


NDA 


Submission: Field Office notification of Electronic Submission to CDER - 
Amendment to NDA: Chemistry, Manufacturing and Controls. 


8-31-2004 


XTT\ A 


Ueneral correspondence, rsouce 10 ru/\ regarding new conuu/i pci&un iui 
eszopicione taoiets 


8-31-2004 


IND 


General Correspondence: Notification to the FDA of new Sepracor contact person 
for eszopiclone matters 


9-2-2004 


IND 


Protocol Amendment: New Investigator (1), Revised Form FDA 1572 (1) 


9-7-2004 


IND 


IND Safety Reports: 3 Initial Reports (MFR Nos. 2004SP000188, 2004SP000195, 
and 2004SP000194) 


9-9-2004 


NDA 


FDA Request for Information: regarding Sepracor's June 14, 2004 submission 


9-13-2004 


IND 


IND Safety Reports: 1 Initial Report (MFR No. 2004SP000199) 


9-14-2004 


NDA 


General Correspondence: Communication confirming FDA will receive 
information requested September 9, 2004 by no later than October 12, 2004, 
requesting teleconference to discuss upcoming CMC submission and pending trade 
name 


9-23-2004 


NDA 


General Correspondence: Provide update on pending submissions to the NDA and 
status inquiry regarding proposed trade name review 
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(July 22, 1999 to December 15, 2004) 



Date 


Type 


Activity 


9-27-2004 


NDA 


General Correspondence: Notice informing FDA of new Sepracor CMC contact 
person for the NDA 


9-29-2004 


NDA 


Submission: Amendment to NDA: Chemistry, Manufacturing and Controls 


9-30-2004 


NDA 


General Correspondence: Fax of cover letter for the electronic submission to NDA 
21-476 mailed to the Central Document Room on September 29, 2004 


9-30-2004 


NDA 


Submission: Notification of Electronic Submission to CDER - Amendment to 

XTT^A* r^fipmictru fVTflniifartiirincT JinH Controls 


9-30-2004 


NDA 


Submission: Desk copy of CMC Amendment submitted on September 29, 2004 


9-30-2004 


NDA 


Submission: Amendment to NDA: Response to Medical Review Comments dated 
September 9, 2004 


10-1-2004 


NDA 


General Correspondence: Fax of cover letter for the electronic submission to NDA 


10-5-2004 


IND 


IND Safety Reports: 3 Follow-Up Reports (MFRNos. 2004SP000172, 
2004SP000180, and 2004SP000194) 


10-6-2004 


IND 


IND Safety Report: 1 Initial Report (MFR No. 2004SP000213) 


10-7-2004 


NDA 


General Correspondence: Follow-up with FDA regarding status of proposed trade 
name review and status of NDA review 


10-8-2004 


IND 


IND Safety Report: Follow-Up Report (MFR No. 2004SP000155-FU1) 


10-14-2004 


IND 


IND Safety Report: Follow-Up Report (MFR No. 2004SP0001 5 1-r U 1 ) 


10-15-2004 


IND 


Protocol Amendment: Revised Protocols (190-054 and 190-055) 


10-20-2004 


IND 


IND Safety Reports: Follow-Up Report (MrK No. zUU4bruuui juj, ana ronow- 
Up Report (MrR No. zUU4brUUUzi j) 


10-21-2004 


NDA 


General Correspondence: Notice informing FDA of new Sepracor contact person 
for NDA 


10-27-2004 


NDA 


General Correspondence: Request FDA Division to review timelines 




NDA 


General Corresnondence* Notice informing FDA of temporary Sepracor contact 
person for NDA on 10/29/2004 


11-1-2004 


NDA 


General Correspondence: Status inquiry regarding proposed trade name review 


1 1 1 9004 
11-1 -Z-UUH 


MDA 

IN U/\ 


FDA Rpmip^t for Information* CMC Ouestion 


11-2-2004 


NDA 


Response to FDA Request: Follow-up to November 1, 2004 CMC question, and 
request for update on status of Label review 


11-4-2004 


NDA 


General Correspondence: Status inquiry regarding proposed trade name 


11-4-2004 


IND 


IND Annual Report (September 1, 2003, through August 31, 2004) 


1 1.4-9004 


TNT) 


General Corresnondence* Transfer of IND Responsibility 


11-5-2004 


IND 


IND Safety Report: Follow-Up Report (MFR No. 2004SP000195) 


11-5-2004 


IND 


IND Safety Reports: Follow-Up Report (MFR No. 2004SP000172) 


11-5-2004 


NDA 


General Correspondence: Follow-up with FDA on Sepracor's response to CMC 
question 


11-5-2004 


NDA 


Submission: Response to FDA Request: Response to FDA CMC Question of 
November 1,2004 
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Activity 


11-8-2004 


NDA 


FDA Request: Provide alternative trade name for eszopiclone tablets 


11-8-2004 


NDA 


FDA Request for Information: Additional CMC questions 


11-8-2004 


NDA 


Response to FDA Request: provide information regarding additional CMC 
questions 


11-8-2004 


NDA 


Submission: Amendment to NDA: Submission of an Alternate Proprietary Trade 
Name - Lunesta™ 


11-9-2004 


NDA 


General Correspondence: Sepracor Inquiry regarding any further actions Sepracor 
can take to assist FDA review team 


11-9-2004 


NDA 


FDA Request for Information: CMC - updated stability data tables 


11-9-2004 


NDA 


Response to FDA Request: Communication regarding CMC request for updated 
stability tables received November 9, 2004 


11-9-2004 


NDA 


Submission: Amendment to NDA: Response to FDA Request for Information 


11-9-2004 


NDA 


General Correspondence: Follow-up on Sepracor's response to CMC question 
November 1,2004 


11-9-2004 


NDA 


General Correspondence: Status Inquiry regarding new proposed trade name 
review, and review of NDA 


11-10-2004 


NDA 


Submission: Notification of Electronic Submission to CDER: Amendment to 
NDA - Response to FDA Request for Information 


11-11-2004 


NDA 


General Correspondence: Additional Status Inquiry regarding new proposed trade 
name review, and review of NDA 


1 1 -12-2004 


NDA 


Oeneral Correspondence: communication inquiring ir UMiiio received alternate 
trade name submission of November 8 5 2004 


11 n onfM 
1 1-12-2004 


JNDA 


Oenerai correspondence. riJA Response to oepracor s status inquiries 


1 1-16-2004 




oenerai correspondence, ronow up on oepracor s iNovemoer o oc y, zvuh 
responses to CMC requests 


1 1-16-2004 


IN DA 


ouomission. e-mans staDiuty update lniormation ror inlja zi-h/o 


1 1-1 /-2004 


JNJJA 


rDA Jvequest ror lniormaxion. copies 01 most recent version 01 drnioi<ticu lducimg 
and location of same in previous submission 


11-1 /-Z0U4 


\Tf\A 


ivesponse to run ivequest. ouornuicu dnnuidtcu lauciiug wiui uatN ciiaiigca 


1 1-1 /-2004 


xm a 
INL>A 


DaonAnpa + /-v TTT~\ A Do/inapt' inmrtnotiAn /"vn tirnarp 1~r\ titi/i tfCJ PnftUffPC 

ivesponse to rU/\ ivequest. provided lniormation on wnere to iinu udtK. Liictugcb 
labeling in a previous submission 


11 io inf\A 
1 1-15-2004 


JNDA 


oenerai correspondence, communication irom ru/\ lmorming oeprdwjr review 15 
underway for most recent trade name submission for eszopiclone tablets 


11-18-2004 


NDA 


FDA Request for Information: Update carton and container labels 


11-19-2004 


NDA 


General Correspondence: Sepracor acknowledges receipt of November 18. 2004 
FDA request and inquires as to status of trade name review 


11-19-2004 


NDA 


Submission: Amendment to NDA: Response to FDA Request for Information 
regarding updated carton and container labels 


11-19-2004 


NDA 


Response to FDA Request: Follow up to request for updated container and carton 
labeling 
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11-22-2004 


NDA 


Submission: Amendment to NDA: Submission of an Alternate Proprietary Trade 
Name 


11-23-2004 


NDA 


General Correspondence: Communication informing FDA of two recent 
submissions 


11-23-2004 


NDA 


General Correspondence: Notice to FDA regarding temporary Sepracor contact 
person between November 24 and December 3, 2004 


11-23-2004 


NDA 


FDA Communication forwarding proposed draft labeling for eszopiclone tablets, 
and indication of FDA's availability on November 24,2004 to discuss any 
questions 


11-23-2004 


NDA 


Response to FDA Request: Providing PDF versions of revised carton and container 
labeling 


11-23-2004 


IND 


IND Safety Reports: 8 Follow-up reports relating to 190-052 unblinding, 1 
Follow-up report relating to 190-050 


11-24-2004 


NDA 


Submission: Amendment to a Pending Application: Response to FDA Request for 
Information 


11-24-2004 


NDA 


Teleconference with FDA to discuss November 23, 2004 Draft Label 


11-24-2004 


IND 


IND Safety Reports: Follow-up report (MFRNo. 2004SP000188-FU1) 


11-29-2004 


NDA 


Revised Label Update 


11-29-2004 


NDA 


Revised Label Update Discussion with Controlled Substance Staff 


1 1-29-2004 


NDA 


General Correspondence: Notice from FDA regarding temporary FDA contact 
person from November 30 to December z, 2004 


11-29-2004 


NDA 


General Correspondence: Exchange of Certificates to Establish Secure e-mail link 
between Sepracor and FDA 


11-29-2004 


NDA 


Teleconference to discuss Draft label with the Controlled Substance Staff 


1Z-1-ZUU4 




Qnkmiccirm* Mntifiratirm nf Flprtrnnir Submission to CDER* Amendment to 

NDA - Chemistry, Manufacturing and Controls 


1 1 1 OAA/I 


IN DA 


oUDmiSSlOn. JvcVl&eti UiaH l^aucung 


1Z-1-ZUU4 




QiiKmioeirm* T?£*\/icf*H Draft" T JlHplinO' 
oUDmibalUIl. IVCVloCU J-VIall including 


1Z-Z-ZUU4 


Km a 

IN LJ/\ 


Op»nAral Pnrrf*cnnnHpnrp* Pontinnincr discussions with FDA concerning revised 
Draft T ahelina and DDMAC submissions 


12-6-2004 


NDA 


Notice regarding DMETS assessment and assignment of trade name Lunesta IM 


1 7-7-2004 


NDA 


Teleconference discussing proposed label changes for various sections 


12-7-2004 


NDA 


Responses to FDA Requests: responses to FDA comments and requests of 
December 7, 2004 


12-8-2004 


NDA 


General Correspondence: FDA transmittal of Draft Labeling as of 12/7/2004 


12-8-2004 


NDA 


General Correspondence: Follow up with FDA on status of DEA notification that 
eszopiclone has been determined to be Class IV drug 


12-8-2004 


NDA 


Teleconference with FDA regarding proposed Labeling/package insert 
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12-8-2004 


NDA 


General Correspondence: Teleconference regarding clarification of how FDA will 
communicate approved trade name; FDA agreed to send an e-mail with 
confirmation of the name Lunesta™ 


12-8-2004 


XTT"\ A 

IN DA 


— — * ** • " — ■ 
Oeneral Correspondence. j_-Man Notiiicaxion rrom riJA esiaonsning i^unesid a** 

approved trade name for eszopiclone 


1 2-8-2004 


NDA 


General Correspondence: oepracor Request tnat riJA provide wcmvu version 01 
proposed Labeling from the approvable letter. 


12-8-2004 


NDA 


General Correspondence: FDA response to Sepracor request for WORD version of 
proposed Labeling from approvable letter 


12-8-2004 


NDA 


Submission: Revised draft Labeling as or 12/o/zuu4 alter late arternoon 
discussions with FDA 


-f A A A A A A 

12-8-2004 


NDA 


General Correspondence: Communication to rL)A lntorming rDA or sepracor s 
submission of revised draft Label after discussions with FDA 


12-8-2004 


NDA 


Submission: Draft CMC blister labeling and request for FDA input 


12-9-2004 


NDA 


General Correspondence: rDA sending December o, ZUU4 dran controuea 
Substance section of Labeling to Sepracor 


12-10-2004 


NDA 


General Correspondence: Sepracor providing label comparison me to ru/\ 


12-13-2004 


NDA 


Submission: Lunesta (eszopiclone) Press Release for DDMAC approval 


12-13-2004 


NDA 


General Correspondence: Request for assignment of a DDMAC reviewer and 
expedited review of Lunesta (eszopiclone) press release 


12-13-2004 


NDA 


Submission: Revised Draft Label, December 8, 2004 


12-13-2004 


IND 


Protocol Amendment: Revised Forms FDA 1572 for Protocol 190-050 (71 
investigators) 


12-14-2UU4 


XTT^ A 


Panflfnl pArrocnAn^onpp • PH A trci n cm iff i n <T nmnnQpH P i n q 1 I q np 1 in q for NDA 21- 

oenerai v^orresponcience. ru/\ iraiiaiuiLiiii^ piu|juavu 1 mai _auvnug ± ■<« ^ i v — ■ i 
476 


12-14-2UU4 


xrr\ a 
NDA 


submission. Kevisea urau i^aoenng ior -i-h/o 


12-14-2004 


NDA 


Teleconferences between FDA and Sepracor regarding clarification of Final 
lvabeiing woraing ior ini^a zi-t/o 


12-15-2U04 


1JN JJ 


Protocol Amendment: New Investigator (1), Revised Forms FDA 1572 (1) for 
Protocol 1 Q0-0S0 


12-15-2004 


NDA 


General Correspondence: Communication regarding carton label language 


12-15-2004 


NDA 


General Correspondence: Multiple communications regarding latest version of 
revised carton and container labeling 


12-15-2004 


NDA 


General Correspondence: FDA confirming receipt of latest version of carton label 
language 


12-15-2004 


NDA 


Submission: Revised Draft Labeling (latest version requested by FDA) 


12-15-2004 


NDA 


FDA Letter of approval for NDA 21-476 
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A SIMPLIFIED METHOD OF EVALUATING 
DOSE-EFFECT EXPERIMENTS 

J. T. LITCHFIELD, JR. and F. WILCOXON 

Stamford Research Laboratories, American Cyanamid Company, 
Stamford, Connecticut 

Received for publication January 15, 1948 

The increased emphasis on quantitative biological studies in recent years has 
resulted in the widespread use of statistical methods for evaluating biological 
data. Much of this data is of the all-or-none type and, consequently, it is neces- 
sary to solve a dose-per cent effect curve. By converting doses to logarithms 
and per cent effects to probits (1), logits (2), or angles (3), a straight line may be 
fitted by the method of weighted least squares. From the viewpoint of many 
biologists, such procedures are not pleasant to contemplate because the data 
must be converted to units which are meaningless to many and the calculations 
are difficult, tedious and often quite incomprehensible. It is not surprising 
therefore that there is widespread use of a variety of approximate methods for 
solving dose-per cent effect curves. It may be argued that such methods are 
undesirable because they do not make use of all of the information contained in 
the data, and are therefore inefficient in a statistical sense. On the other hand, 
the computations necessary in using efficient methods are often so time-consum- 
irg and laborious that the busy experimenter is deterred from using them, and 
thus loses the advantage of a statistical evaluation of his results. An examina- 
tion of the various approximate methods, which have been proposed for the 
solution of dose-effect experiments of the all-or-none type, leads to the conclusion 
that none of them are entirely satisfactory in combining ease of computation with 
efficiency and accuracy. In order to appreciate this fact, it is helpful to list 
the essentials of a satisfactory approximate method for the solution of dose-effect 
experiments, 

(1) The method should give not only the ED H and slope of the curve, but also 
their confidence limits. 

(2) The method should use the data in original units throughout. 

(3) Zero and 100 per cent effects should be used effectively. 

(4) The method should make it possible to carry out the necessary calculations 
within 10-15 minutes without a calculating machine, and without resort to 
logarithms. . 

(5) The method should recognize heterogeneity when present and give cor- 
rected confidence limits in such cases. 

(6) The method should facilitate both the comparison of the two curves for 
parallelism and the computation of relative potency with its confidence limits. 

(7) The method should not unduly sacrifice accuracy in favor of simplicity 
and speed. 

The various approximate methods for solving dose-per cent effect curves fail 
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in varying degrees to meet these requirements. The double integration method 
(4-7) which uses data in original units and the methods of averages (8-10) which 
require logarithms provide an estimate of the ED W . With a restricted experi- 
mental design, the confidence limits of the ED W can be obtained by the methods 
of averages, with varying amounts of calculation. 

Of the methods which may be considered to approximate that of Bliss (1), 
one, using the data in original units gives only the confidence limits of the EDjo 
(11); a second, using logarithms gives, in addition to the above, the slope con- 
stant, but not its limits (12); and a third, using logarithms and probits gives 
both parameters and their confidence limits (13). None of the approximate 
methods use 0 or 100 per cent observations to best effect, or recognize hetero- 
geneity, if present. 

The method of Litchfield and Fertig (13), which gives confidence limits of both 
parameters, appeared to offer the best starting point for developing a revised 
method which would approach the ideal requirements mentioned above. 

In order to revise the above method to conform to the aims listed, three distinct 
types of problem were involved. The first of these was the problem of using 
percentages and arithmetic values in a way exactly equivalent to the use of 
logarithms and probits. Logarithmic-probability paper permits plotting the 
data in original units but leaves the problem of converting log-probit equations 
to their arithmetic equivalent. 

The result of addition and subtraction of logarithms can be obtained easily 
by multiplication and division of the numbers themselves. Similarly, the result 
of multiplying or dividing a logarithm by an arithmetic value can be represented 
by raising the number corresponding to the logarithm to a power equal to the 
arithmetic value (or by taking the root in the case of division). Such a calcula- 
tion cannot be made, however, without recourse to logarithms or to the use of 
log-log slide rule. Consequently, the second major problem arises, the need for 
eliminating calculations which require logarithms. In this particular case, a 
nomograph was constructed for obtaining fractional powers and roots of num- 
bers coming within the scope of the method. 

A further complication arises in the case of the product or quotient of two 
logarithms since this operation cannot be represented at all as a purely arith- 
metic process. In the two such cases which arise in the revised method, nomo- 
graphs were constructed to permit solution without recourse to logarithms or 
a log-log slide rule. 

By means of two of the above mentioned nomographs, a simple arithmetic 
solution of a dose-effect curve can be obtained which is equivalent to the solution 
by the original method using logarithms and probits. The two solutions are 
numerically equal but the revised method is more rapid and permits using the 
data in its original form. 

The third type of problem in the revision consisted of finding the means for 
adding to the method a simple test for heterogeneity or goodness of fit of the 
line, together with the correction of confidence limits for heterogeneity; a means 
for effectively using 0 and 100 per cent effects in fitting the line to the data; 
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EVALUATING DOSE- EFFECT EXPERIMENTS 

and lastly, the means for approximating the confidence limits of doses other than 
the Median Effective Dose. 

The complete method including the necessary tables and nomographs is 
presented below, together with several examples illustrating its application. 

Method. The following symbols are used in this method : 
K — the number of doses plotted 
d — K — 2 — degrees of freedom for (Chi)' 
t — value of "Student's" t f or p — .05 
ED*o ** Median Effective Dose 
S - Slope function 

fED»o and fa - factors for ED M and S, respectively 

N' - total number of animals used between 16 and 84 per cent expected effects 
R - the ratio of largest to smallest dose plotted 
A — a value derived from S and R 

S.R. and P.R. - Slope function Ratio and Potency Ratio 

ha. and fp.a. - factors for S.R. and P.R., respectively 

Unless otherwise indicated all ratios are taken as: larger /smaller value. 

Procedure. A. The data and graph. Y. List the actual doses used, the number react * 
ing/number tested, and the per cent effects. Do not list more than two consecutive 100 per 
cent effects at the upper end or more than two consecutive 0 per cent effects at the lower 
end of the curve. * 

2. Plot doses against per cent effect on logarithmic-probability paper (So. 3128, Codex 
Book Co., Inc., Norwood, Mass.) leaving space for but omitting any 0 or 100 per cent effects. 

With a transparent straight edge or triangle fit a temporary straight line through the 
points, particularly those in the region of 40 to 60 per cent effect. 

B. Plotting 0 or 100 per cent effects. 1. Read and list the expected per cent effect, as 
indicated by the line drawn, for each dose tested. If the expected value for any dose is less 
than .01 or greater than 99.99 delete such doses and effects from the list. 

2. Using the expected effect record «ad plot from table 1 a corrected value for each 0 or 
100 per cent effect which is listed. Inspect the fit of the line to the completely plotted data. 
If it is obviously unsatisfactory refit the line and repeat the preceding two steps to obtain 
a new set of expected and corrected values. 

When the line appears to fit satisfactorily, as is almost always the case with the first line, 
proceed to the (Chi)' test. 

C. The (CAi) 1 test. 1. List the difference between each observed (or corrected) effect 
and the corresponding expected effect. 

2. Using each difference and the corresponding expected effect read and list the contribu- 
tions to (Chi)' from Nomograph No. 1. (A straight edge connecting a value on the expected 
per cent scale with a value on the difference scale, will indicate at the point of intersection 
of the (Chi) 1 scale, the contribution to (Chi) 1 .) 

3. Total the contributions to (Chi) 1 and multiply by the average number of animals per 
dose, i.e., the total number of ammala/K, the number of doses. This is the (Chi) 3 of the 
line. The degrees of freedom are two less than the number of doses plotted, i.e., n - K — 2. 

4. If the (Chi) 3 of the line is less than the value of (Chi) 2 given in table 2 for n degrees 
of freedom, the data are not significantly heterogeneous, i.e., the line is a good fit. If the 
(Chi)* of the curve exceeds the value of (Chi) 1 given in table 2, the data are significantly 
heterogeneous and the line is not a good fit. (If the (Chi) 1 of the line cannot be reduced 
below the permissible (Chi) 1 by refitting the line, the value of t in table 2 for n degrees of 
freedom should be noted.) 

D. The EDu and f M D t0 . 1. Read from the line on the graph the dose for 16, 50, and S4 
per cent effects (ED 1( , ED« and ED«). 

2. Calculate the slope function, S, as: 
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s - 



EDw/EDm + ED«/EDit 



3. Obtain from the data tabulation, N', the total number of animals tested at those doses 
whose expected effects were between 16 and &4 per cent. 

4. Calculatetheexpdhent in the expression: 

fED„ - S" 7 ^ 5 * 7 - S« poa-u . 

To carry out this step, obtain first the -\/N' from a square root table, or with a slide rule, or 
by means of Nomograph No. 2. Then solve 2.77 /VN' - exponent. Next, using this ex- 
ponent and the value of S, read the fEX>u on the center scale of Nomograph No. 2 by laying a 
straight edge across the correct scale values. 

5. Calculate the confidence limits of the ED M as: 

ED* X to iS - upperj Hmit for 19/20 probaKHty . 
EDso/fED„ - lower/ 

E. S and fa 

1. Calculate the dosage range as a ratio, as follows: 

R - largest/smallest dose plotted 

2. Using this value of R and that of S (from step D2) , read the value designated as A from 
Nomograph No. 3 by laying a straight edge across the correct scale values. 

3. Solve for the exponent in the following expression, using K_from step C3 and Vn 7 
from step D4. 

f3 — £W(K-1)/kVn* _ ^«xpoo«a* 

Then with this exponent and the value of A, read fs from Nomograph No. 2. 

4. Calculate the confidence limits of S as : 



S X fs - 
S/fs ' 



Uwrer} limit f ° r 19/20 P robabUity * 



F. The factors for significantly heterogeneous data. When the (Chi) 2 test indicates 
significant heterogeneity the value of t from table 2 is noted and the formulas below are 
used for the factors instead of those in steps D4 and E3. The procedure for solution con- 
sists of solving first for the values of the exponent and then with the value of S from step D2 
and that of A from step E2, the factors are read from Nomograph No. 2. 



2. fs - t \[5-lt(K-t)V(Chi>«/a2*'J/K « 



^exponent 



G. The test for -parallelism of two lines and the estimate of relative potency. The following 
values which represent the parameters and factors of a doae-per cent effect line are to be 
compared to a similar set of values for a second line : 

EDu and fzD (0 l ( 
S and f 8 J 



for each line. 



1. The test for parallelism: the slope function ratio, S.R. 

(a) Calculate: S.R. - Si/Si where Si is the larger value. 

(b) Using fa. and fa, read fa.a. from the center scale of Nomograph No. 4 by laying a 
straight edge across the correct scale values. 

(c) If the value of S.R. exceeds the value of fs.a. the curves deviate significantly (19/20 
probability) from parallelism. If S .R. is less than fa*, the curves may be considered paral- 
lel within experimental error and the potency ratio may then be computed as follows: 



2. The Potene 

(a) Calculate: 

(b) Using fso. 

(c) The value 
pared to differ sU 

3. The confide 



The following 
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0.125 
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C3 



C4 



Dl 



Total animal 
Number of I 
Animals /Dos 
(Chi) 1 from t 
"[significantly 
ED M mgm./ 
ED« mgm./* 
EDu mgm./ 

: s-™^ 



D2 



S - 



0.390A 



D3 (Note Bold f 

fsDtt - (S) 2 -' 

ED*. X /ED, 
D5|EDm / fin* 

L ED*» and 1 
El R - largest 
E2 A - 1.27 (f 
E3 f S - (A) 10lF 

fS X fs - 2.2 
E4{S/f S - 2.2. 

\ Sand 19/3. 
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2. The Potency Ratio, P.R. 

(a) Calculate: P.R. - ED^/EDm, where ED*, is the larger value. 

(b) Using fED l9j and fED„, read f P . B . from the center scale of Nomograph No. 4. 

(c) The value of P.R. must exceed the value of f P . R . for the two substances being com- 
pared to differ significantly in potency. 

3. The confidence limits of the slope and the potency ratio are given by: 



(a) 



(b) 



S.R. X fs.R. - upper! 



S.R./f 8 .a. 

P R. x fp.a. 
P-R./fp.B. 



lower / 



limit for 19/20 probability. 



' \o^ev} Iimit for 19/20 P robabilit y- 



The following example illustrates the use of the method. On the work sheet below the 
various steps are indicated by A1-E4. The graph (fig. 1) corresponds to step A2. 

Solution of the Dose-Effect Cutvc of Tagalhen {Chlorothen Citrate) against Histamine 



Al 


Al 


Al 


Bl 


DOSX 


ALIVX/TESTZD 


OS5ZXVXS % ALXVX 


lainiD c , 










1.0 


S/3 


100 (99.5) 


93.6 






B2(table 1) 




0.5 


7/8 


S3 


90.5 


0.25 


4/3 1 

i 


50 


67 


0.125 


4/8 1 


50 


34 


0.0625 


1/8 | 


12 


9.5 



D3 



ci 

OBtElVTD 
«KU1 



0.9 

2.5 
17.0 

16.0 
2.5 



C3 (KOKOGIAn 

SO. 1) 
COIfTJUBTmOX 

to {cm)' 



0.006 

0.007 
0.110 

0.105 
0.007 



C3 



C4 



Dl 



D2{ 



Total animals - 40 

Number of Doses, K «- 5 

Animals/Dose - 40/5 - 8 

(Chi) 1 from table 2 for n of 3 - 7.82. 

significantly heterogeneous. 

ED»4 mgm./kgm. - 0.390 

ED I0 mgm./kgm. ~ 0.175 

ED ii mgm-Agm- - 0.080 

o EDn/EDio 4 - ED«o/EDi« 
S« 2 

c 0.390/0.1 75 + 0.175/0.0S0 
o - 2 "* 2 -2 



Total 0.235 
(Chi)» - 0.235 X 8 - 1.83 
Degrees of Freedom, n - K - 2 - 3 
1.88 is leas than 7.82, therefore, the data are not 



D3 (Note Bold face limits above) N' — 16 

D4 izDm - (S) L "/^N' - 2.2 2J V*ST6 - (2.2)°-» - 1.72 (from Nomograph No. 2) 

ED»# X /edm - 0.175 X 1.72 - 0.30 mgm./kgm. 
D5 ED„ / izDm - 0.175 / 1.72 - 0.10 mgm./kgm. 

ED»# and 19/20 confidence limits : 0.18 (0.10 to 0.30) mgm./kgm. 
El R « largest/smallest dose - 1.0/0.0625 - 16 
E2 A - 1.27 (from Nomograph No. 3, using S - 2.2 and R - 16) 
E3 f S - (A) , * K - 1 WSVN' - (1^7)»XVivw - (1JJ7) 2 - 0 - 1.60 (from Nomograph No. 2) 

S X is - 2.2 X 1.6 - 3.5 
E4{S/fs - 2.2/1.6 - 1.4 

S and 19/20 confidence limits: 2.2 (1,4 to 3-5) 
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Id practice the work sheet can be greatly condensed in comparison to the example by 
omission of the various step symbols, formulae and by recording on the graph the figures 



I llhllllliii 



SH!!!!!!ffiIl!!!!!!!!SS!!!!!ll!^ m J^K5!!!ii!»''»'''in 





Figure 1 



used in the calculations. In the same experiment in which the antihistamine activity of 
Tagathen was studied, tripelennamine (Pyribenzamine) was tested similarly in order to 
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—3.0 



No. 2. Nomoobaph fob Raising Base S on A to a'Fractional Exponent 
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—120 
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No. 3. Nomograph for Obtaisiso Base A 
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K>- 
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4.0 — 

3.0- 



zo- 
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L40- 
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L20- 



1.10. 



RESULT 
f 
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5.0 
4.0 

-+- 3-0 



.2.0 
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1.4 

1.3 

.12 
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1.04 

1.03 
1.02 
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determine the potency ratio of the two drugs. The solution of the dose effect curve of 

Pyribenz amine illustrates the combined work sheet and graph. 

g£The parameters and factors of the two dose effect curves are summarized below. 



EDio 

fED 40 

S 
fs 



Taoatken 

0.18 mgm./kgni- 



0.60 mgm./kgm. 



1.72 
2.20 
1.60 



1.60 
2.34 
1.57 



The curves are tested for parallelism and the potency ratio obtained as follows : 
Gl The slope ratio, S.R. - Si/S, - 2.34/2.20 - 1.06 

fs.R. = 1-92 (from Nomograph No. 4, using the two fs values) 

S.R. of 1.06 is less than f s . R . of 1.92, therefore, the deviation from parallelism is not 



G2 The potency ratio, P.R. = ED 5C: /ED IOs « 0.60/0.18 = 3.3 

f PJl « 2.05 (from Nomograph "No. 4, using the two fED <0 values) 

P.R. of 3.3 exceeds f P . R . of 2.05, therefore, the two drugs differ significantly in potency. 
G3 Confidence limits of S.R.andP.R. 
S.R. X fs.R. *» 1.06 X 1-92 - 2.03 
S.R./fs.R. = 1.06/1.92 = 0.55 

The slope ratio, S.R., and 19/20 confidence limits: 1.06 (0.55 to 2.03). 
P.R. X fp.a. = 3.3 X 2.05 - 6.75 
P.R./fp3. - 3.3/2.05 - 1.60 

The potency ratio, P.R., and 19/20 confidence limits: 3.3 (1.6 to 6.8). Tagathen was 
significantly more active than Pyribenzamine and for confidence limits of 19/20, its relative 
activity lies between 1.6 and 6.8 times that of Pyribeiizamine. 

Occasionally the experimenter is interested in a dose other than the ED M ; for example, 
he may wish to know the ED« and its confidence limits. The dose for any desired per cent 
effect, Y, can be read from the graph. The 19/20 confidence limits of this dose, EDy, can 
be approximated by increasing the value of fED 40 by an amount determined by the value of 
fs and X, (the deviation in standard deviation units, of Y from 50 per cent). Values of X 
for common values of Y are given in table 3. 

The procedure for obtaining the 19/20 confidence limits of EDy is as follows : 

1. Obtain (f s ) x using Nomograph No. 2 to raise the base, fs (from step E3) to the expo- 
nent X (from table 3). . - 

2 Obtain fKD T from center scale of Nomograph No. 4, using the value obtained for (f 8 r 
and the value of fso.o (from step D4). If the scale limits of the nomograph are exceeded, 
the confidence limits are likely to be so wide that the EDy value is rather meaningless. The 
confidence limits are obtained in the usual way using the fEDr* 

As an example of this procedure applied to the Tagathen line, the confidence limits of 
EDm — 0.48 mgm./kgm. are obtained as follows: 

1. (ffl)^ " 1.60) 1 * 1 — 1.85 (from Nomograph No. 2 and table 3). 

2! fED f0 = 225 (* rom Nomograph No. 4, using (fe^ - 1.85 and fEDio - !* 72 )- 

ED, 0 and 19/20 confidence limits - 0.48 (0.21 to 1.08) mgm./kgm. 

Discussion. The method presented fulfills, for the most part, the aims of a 
satisfactory approximate method. At the risk of making the method appear 
rather complex the instructions have been made as complete as possible. We 
have found that these instructions in the bands of an inexperienced person 
permit a complete solution of data, such as that in fig. 1, to be obtained in 20 to 
30 minutes. An experienced person on the other hand requires less than half 



significant. 
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this time. Although the accuracy of this method has not been examined, 
it cannot be less than that of the Litchfield-Fertig method which has been shown 




s s 



dose vg./kg. 

Figure 2 



to be satisfactory for all ordinary purposes. The new method in some respects 
is undoubtedly more accurate since not only can a poorly fitted line be detected 
and improved but also significant heterogeneity, if present, will be found. 
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TABLE 1 



Corrected Values* of 0 or 100 -per cent Effect (Body of Table) 
Corresponding to Expected Values (Margins) 



zxtzctzx) 


0 


l 


2 


3 


4 


5 


6 


7 


s 


9 


0 




0.3 


0.7 


1.0 


1.3 


1.6 


2.0 


2.3 


2.6 


2.9 


10 


3.2 


3.5 


3.8 


4.1 


4.4 


4.7 


4.9 


5.2 


5.5 


5.7 


20 


6.0 


6.2 


6.5 


6.7 


7.0 


7.2 


7.4 


7.6 


7.8 


8.1 


30 


8.3 


8.4 


8.6 


8.8 


9.0 


9.2 


9.3 


9.4 


9.6 


9.8 


40 


9.9 


10.0 


10.1 


10.2 


10.3 


10.3 


10.4 


10.4 


10.4 


10.5 


50 . 




89.5 


89.6 


89.6 


89.6 


89.7 


89.7 


89.8 


89.9 


90.0 


GO 


90.1 


90.2 


90.4 


90.5 


90.7 


90.8 


91.0 


91.2 


91.4 


91.6 


70 


91.7 


91.9 


92.2 


92.4 


92.6 


92.8 


93.0 


93.3 


93.5 


93.8 


SO 


94.0 


94.3 


94.5 


94.8 


95.1 


95.3 


95.6 


95.9 


96.2 


96.5 


90 


96.8 


97.1 


97.4 


97.7 


98.0 


98.4 


98.7 


99.0 


99.3 


99.7 



* These values are derived from the maximal and minimal corrected probits of Bliss (1). 



TABLE 2 



Values* of t and (Chi)* for p - .05 



DlfiBTT^ OV JXEEDOM 


t 


(CBj)t 


1 


12.7 


3.84- 


2 


4.3 


5.99 


3 


3.18 


7.82 


4 


2.78 


9.49 


5 


2.57 


11.1 


6 


2.45 


12.6 


7 


2.36 


14.1 


8 


2.31 


15.5 


9 


2.26 


16.9 


10 


2.23 


18.3 



* Values of "students" t and (Chi)* for p « .05 are the same as may be found in more 



extensive tables such as those in (17). 



TABLE 3* 





X 


16 or 84 


1.00 


10 or 90 


1.30 


5 or 95 


1.65 


2 or 98 


2.05 


1 or 99 


2.35 



* Other values of X may be obtained from any table relating deviations and areas of the 



normal curve, such as (17). 



All approximate methods without exception have one or more weak points. 
The inadequacy of these methods becomes evident when they are applied to an 
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unbalanced or truncated set of data. Thus in the more exact method of Bliss 
(1), the confidence limits are corrected for the deviation (caused by unbalance), 
of the mean probit from 5.0. Due to the nature of the weighting coefficients 
this correction is of little significance unless the degree of truncation is rather 
large. Thus, in the case of any approximate method, the confidence limits will 
tend to be underestimated when the maximum observed effect is 70 per cent or 
less. This weakness common to all such methods is usually overlooked and the 
experimenter should avoid applying an approximate method to very poorly 
balanced experiments. In such cases repetition of the experiment or the use 
of the more exact procedure of Bliss (1) is indicated. It cannot be sufficiently 
emphasized, however, that a statistical method is in no way a substitute for a 
good experiment. 

The name slope function has been applied to S, the antilogarithm of the 
quantity designated as s in Bliss' notation, or X in Gaddums notation (18), where 
s or X is the standard deviation of the logarithms of the individual effective doses. 
Our choice was based on the use of S for purposes customarily served by the 
slope constant b, and we are not aware of any existing designation for the 
antilogarithm of the standard deviation. 

Since the dose-per cent effect curve is encountered so frequently in biological 
and occasionally even in non-biological fields, this rapid approximate method 
should be of help to the many individuals who have not the time, desire nor 
facilities for complex mathematical treatment of this kind of data. 

SUMMARY 

1. A rapid graphic method for approximating the Median Effective Dose and 
the Slope of dose-per cent effect curves is presented. Confidence limits of both 
of these parameters for 19/20 probability are given by the method. In addition, 
confidence limits for any other probability or for a dose other than the Median 
Effective Dose are readily estimated. 

2. The data are used throughout the method in their original form without 
transformation to logarithms and probits. 

3. An effective means for plotting and using 0 and 100 per cent effects is 
provided. 

4. The calculations have been simplified by means of nomographs to the 
extent that a slide rule is a convenience but not a necessity. 

5. A simple means is provided for detecting a poorly fitted line or significantly 
heterogeneous data. In the former case, the line may be refitted; in the latter, 
the confidence limits are corrected for the degree of heterogeneity. 

6. The method provides means for the rapid test of parallelism of two curves 
and easy computation of relative potency with its confidence limits. 

7. Although the method is rapid (10-15 minutes), its accuracy is commensurate 
with the nature of dose-per cent effect data. 
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APPENDIX 

A Source or derivalionofformulaevscdinthemethod. The revised method uses in modi- 
fied I or£ (1) The approximations developed by Litchfield and Fertig (13) for obtaining 
confidence imits of the parameters of a dose-per cent effect curve, and (2) the method for 
Shi)' proposed by Wilcoxon and McCallan (14). The corrections used in the event o 
S ogeneUy, themethod for using 0 and 100 per cent effects and "^SLtS 
differences between values are derived from conventual procedures (1) The ormula for 
obtaining approximate confidence limits of doses gmng per cent effects other than 50 per 
cent is derived from that for the variance of the log ED„ as given by Bliss (1). 

Tne following table shows some of the relationships between formulae u^edm the revised 
method and their equivalents after transformation to the loganthm-probit system. 

Arithmetic ««*od Zn-frMtvHtloi 

ED io lo 8 E 15 * 0 

{gjj 1.96SEiofBDio 

o " log S or s or 1/b 

f 1.96S.E., or 1.96s ! S.E.!. 

A/B log A — log B 

{a/b 1.96 V (SJi.io, a) 1 + (S.E.io« b)' 

fED 1.96VS.E.» l0i ED„ + lS.E..(y - 5.0)1' 

Corrected effect for^O or 100 per cent Maximal or minimal corrected probit 

B tTc confidelce limits of a dose per cent effect line on 

cbUi « vcver. 1. The median effective dose: ED„. This is the dose indicated bythe , line 
to cause 50 per cent of the animals or items to react or not, to live or die, to be positive or 
negatTve^fit "to a category or not, etc. Dose is used in the abstract sense and may be 
^S^fSS^S^S. Thisisthefoldchangeindoserequiredtoproducea 
unit standard deviation change in response along the line. Thus : 
S « antilog of: 1/b, s, or ^ _ y 

^TtZ^toroff^forootainin, tW confine limit* of tke ED.. This factor, 
using the notation of Litchfield and Fertig, is derived as follows: 

8 (1) 
S.E.lofEDlo = ^jjy2 

dose limits corresponding to expected probits 4.0 and 6.0. 

~ Multiplying (1) by 1.96, Bimplifying and taking the antilog gives . 

whereS - antilog s and N' is now tnTtotal number of animals or items tested between 

of the following expressions but (3) is preferable : 

5 - ED«/ED» or ED«/ED» or ED-o/EDu 
• " ■ ' : ' EDw/EDii "+ EDw/EDu (3) 
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The factor for the ED 50 can be reduced to the expression: 

fED i0 - S* 3 "- 

where the exponent is wiV*. The value of can then be read from the fractional 
power Nomograph No. 2. 

4. The factor fs for obtaining limits for 19/20 probability of the slope function S. This 
factor is derived from the approximation of Litchfield and Fertig to the standard error of 
the elope constant, b. 
Since: 



By differentiation: 
Then by substitution : 



s - 1/b and s» - 1/b* 

ds - -b-*db - -(1/b 1 ) db 

ds « -s* db or 
S.E.. = s*S.E. b 



The minus sign can be dropped because it merely signifies the reciprocal relation between 
The approximation to the standard error of b for limits for 19/20 probability is given by : 



1.96S.E. b 



7.S5 



LK/K — 1 



where L and K refer, respectively, to the logarithmic dosage range of the experiment and 
the number of doses tested. N' is the same as defined above. This can bTsimplifiedto 
give: r 



1.96S.E. b « 



ll.KK - 1) 



LKVV 

By substitution of (5) in equation (4): and rewriting: 

1 1.1 sHK - 1) 1.1 s» 10(K - 1) 
LKVN 7 L X KVW 

1.1 s» 
L ' 



(5) 



1.96S.E.. - 



Let: A 



antilog 



R 

and, since S 
then A 
and 



- antilog L 

- antilog s, 

... U(logS) J 

- antilog — — 

JogR 

• antilog 1.96S.E., - a 10 **" 1 *'**^ - A ,x ** 



(6) 
(7) 



The value of S is known from equation (3) and the value of R is given by the ratio- R - 
largest/smallest dose plotted. In order to eliminate the use of logarithms, Nomograph 
No. 3 having scale values in units of S and R, was constructed to solve equation tf) to give 
the value of A. K is the number of doses plotted and N' has already been defined. The 
factor for S can then be read from Nomograph No. 2 using the value of A and its exponent. 

The confidence units for the parameters ED* and S are obtained by using the factors 
iedio an( i is as follows: 

Parameter X f - upper) 

Parameter/f - lower J ^ ^ P"****' 
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C. Additions to the basic method. 1. Use of 0 and 100 per cent effects. Fisher (cited by 
Bliss, 1) has shown that the most likely value for 0 or 100 per cent effects is the minimal or 
maximal corrected probit, the exact value of which is determined by the expected probit 
obtained from the line on the log dose probit graph. The equivalent procedure for 0 or 100 
per cent effect in the case of plotting on logarithmic probability paper is made possible by 
means of a table relating the expected per cent effect, indicated by the line, to the minimal 
or maximal corrected per cent effect. These corrected values have been interpolated and 
converted to percentages from the original table of corrected probits (1). 

The procedure for using 0 or 100 per cent effects consists of: (a) plotting the data on 
logarithmic probability paper, omitting 0 or 100 per cent effects, and fitting a temporary 
line with transparent straight edge or triangle; (b) reading the expected per cent effect 
indicated by the straight edge at doses where 0 or 100 per cent effect was observed; (c) con- 
verting the expected per cent effect to a corrected value by means of table 1 and plotting this 
corrected value; (d) drawing a line through the completely plotted data. 

2 Recognition of heterogeneous data: Test of the line for "Goodness of Fit." The nomo- 
graphic calculation of (Chi) 2 , previously reported by Wilcoxon and McCallan (14), was 
modified slightly and incorporated into the revised method. In this portion of the pro- 
cedure, the expected per cent effects from the line are listed opposite the observed per cent 
effect and a list of differences between observed and expected per cent effects made. For 
each set of a difference and the corresponding expected per cent effect, a (Chi) 2 value based 
on one animal or item is read from Nomograph No. 1. The total of these (Chi) 2 values 
multiplied bv the average number of animals or items per dose is the (Chi) 2 of the dose- 
effect line. The degrees of freedom, n, are two less than the number of points plotted, i.e., 
n = K — 0 By comparison of this to the value of (Chi) 2 for probability of .05 and n degrees 
of freedom, significant heterogeneity can be recognized. In the event of significant hetero- 
geneity a better fitting line can often be drawn, and if not, the equations for the factors of 
the parameters are modified to include this additional variation. For this modification 
the value of "students" t for a probability of .05 and n degrees of freedom must be used 
For convenience in using the method, the important values of "students" t, and (Chi) 
for p - .05 and various degrees of freedom are given in table 2. Other values may be found 
in more extensive tables such as are given by Snedecor (15) . 

When significant heterogeneity is found the factors of the parameters are obtained by the 
following equations, whose nomographic solution is the same, however, as described above. 
For heterogeneous data 

(S) 



fED M - s l ' 4t ^^ i)J/nN ' - S»>- 



fs = A 16 * 1 * (K-1) V (Chi) 2 /nN']/K ^ A «p. 



(9) 



M\ symbols have the same significance as noted above. 

The change which has been made in the exponents of both of the factors m order to cor- 
rect for heterogeneity is the conventional multiplier (16) while the value of "t» replaces 
the 1.96 which was previously introduced into the exponent and must now be divided out 
Thus, for limits for 19/20 probability, 



again. 



(Exp.homogvuoiu) X 



tV(Chi)Vn 
1.96 



> Exp.betercteoeou* • 



Nomograph No. 1 computes (Chi)* for a single item as: 

(Observed — expected per cent effect) 2 



(Chi)' - 



(Expected effect) (100— expected effect) 



(10) 



which is derived from the expression used by Wilcoxon and McCallan (14) for nomographic 
solution of (Chi) 2 for 100 items. 
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3. Comparison of two dose-effect curves:' The test for parallelism and the ratio of po- 
tencies. In the method of Bliss (1) and the approximate method of Litchfield and Fertig 
(13), the significance of differences between the parameters of two curves was tested by 
computing the standard error of the difference as:* ' 

SJE.ciff. » V(S.E.i)M-(S.E. s )» ; . , . 

In the revised method, the equivalent arithmetic procedure is used; that is, in place of a 
difference between two logarithmic quantities, the ratio of the quantities themselves is 
used. Furthermore, in place of the standard error of a log quantity, the factor of the 
quantity itself is used since, as already noted, the factor is the antilog of the Standard Error. 

Thus, for limits for 19/20 probability, in place of 1.96S.E.DWf. - V(logii)* + (logfi) 1 , the 
following equation is used: 

fntio - antilog V(log f t )» + (log f,)» (11) 

To eliminate logarithms, Nomograph No. 4 was constructed having scale values in units of 
f i and f 3 which, if connected by a straight edge, permit reading f rEt io on the intersected cen- 
ter scale. The procedure is the same for both the factor of the ratio of the slope functions 
Si/S s or the ratio of potencies EDsoi/ED IOl . 

The factor of the ratio may be used as already described to obtain the limits of the ratio 
for 19/20 probability. If this is done, it is evident that if the lower limit is greater than 1 .0 
the ratio is significant. However, the lower limit can exceed 1.0 only if the value of the 
ratio exceeds that of the factor. 

Therefore, two curves may be considered parallel if S.R., the slope function ratio, does 
not exceed its factor, fs.a.; and two potencies may be considered significantly different if 
P.R., the potency ratio, exceeds its factor fp.E.. 

4. Confidence limits for 19/20 probability of doses other than the median effective dose, 
ED M . A satisfactory approximation to the limits of errors of EDy (where Y is a response 
other than 50 per cent) can be derived from the expression for the (standard error) 1 of a log 
dose whose probit response y deviates from the mean probit, J of the experiment. This 
expression which Bliss (1) gives can be written as: 

(12) 



S.E.Id, » (S.E.bS*) 1 ^ - ?) J + V fc s 2 



It has been shown that: 



S.E. b s 2 - S.E.. 



(4) 



Furthermore, the first of the approximations of the Litchfield and Fertig method was 
derived as: 



, , 2s 2 

V»s- ~ S.E.fo C ED, 0 ~ 

By substitution of (4), (1A), and the approximation: 

(y - 9) ~ (y - 5.0) = X 

equation (12) becomes: 



(1A) 



which is the same as : 



SE?o«ED y « [S.E„)(X)] J + S.E.f.«ED l0 
(lOg fED 7 ) 2 =» (log [(fs) X ]) 1 + dog fED„) 2 



the antilogarithm of the root of this expression is in a form suitable for use in the revised 
method dealing with arithmetic doses and per cent responses, namely: 

fED y - antilog Vaog[ff])*+aogfED <0 ) 5 .. .;;>;. - . : :.(13) 
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since Nomograph No. 4 solves expressions of this type. The value of X can be read from 
any table relating deviations and areas of the normal curve (17). Thus, 16 and 84 per cenr- 
effect' both depart" from 50 by 34. The area, 34 per cent, corresponds to a deviation X, of 
1.00 in the table cited above. . For convenience certain commonly used values of X are given 
in table 3. 

In certain cases one may desire to adopt confidence limits for probabilities other than 
19/20. This may be done easily by using the proper multiplier for the exponents of S and A 
before reading fED l0 and f B from Nomograph No. 2. For probabilities commonly used these 
multipliers are listed below : 

Far p of: Multiply erponcn* fry; 

0.32 (2/3 odds) 0.51 

. 0:i0 (9/10 . odds) 0.84 

0.05 (19/20 odds) i.oo 

0.02 (49/50 odds) 1.19 

0.01 (99/100 odds) 1.31 

0.001 (999/1000 odds) 1 68' 
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The development of a barbital treatment of acute cocaine 
poisoning in laboratory animals by Tatum and his co-workers 
(1, 2, 3) has been the most significant contribution to this subject 
in recent years and has already given promise of its adaptation to 
acute poisoning in man (4). The convulsions are prevented or re- 
lieved and the central nervous system, thus being spared the in- 
jury and exhaustion of the convulsions per se, is apparently able 
to withstand a considerably larger dose of cocaine before death 
results. They were able to raise the minimal lethal dose about 
one third in the rabbit, about double in the dog, and about three 
times in the monkey. 

Death when convulsions are prevented seems to be due to the 
action of cocaine chiefly on the respiratory center. In the rabbit, 
at. least, respiratory failure usually precedes cardiac failure and 
rabbits can survive approximately three times the average fatal 
dose if adequate artificial respiration is maintained (2). Barbital, 
however, is relatively ineffective in raising the lethal dose even 
though the convulsions are readily prevented or relieved. It 
was thought, therefore, that respiratory stimulation might have 
a beneficial effect in the rabbit poisoned with cocaine and that the 
eflSciency of respiratory stimulants could be studied in this way. 
It has been pointed out by a number of workers, particularly by 
Loevenhardt, Malone, and Martin in their studies on respiratory 
stimulants in conditions of increased intracranial pressure (5) 
that the relative value of such stimulants can not be gauged by a 
single method as some respiratory stimulants are beneficial during 
one type of respiratory depression but not in another. 
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On the other hand, if cocaine kills by virtue of an over-excit- 
ability of the respiratory center, the use of respiratory stimulants 
might be harmful and there might result an increased suscepti- 
bility to cocaine in animals under the influence of such stimulants. 

METHODS 

One hundred and forty-eight adult rabbits were used. The 
cocaine was administered subcutaneously as the 10 per cent 
solution of the hydrochloride. The hypnotic was administered 
either orally, subcutaneously, intraperitoneally, or intravenously. 
The hypnotics used were barbital, barbital-sodium, and the 
barbital-paraldehyde mixture of Tatum. As a rule, the hypnotics 
when not given intravenously, were given before the cocaine, the 
latter being given as soon as evidences of effect were present, or 
within a half hour if no change in the animal's behavior was 
noted. The respiratory stimulants used were atropine sulphate, 
strychnine sulphate, alpha-lobeline, homocamfin, and in a few 
experiments, caffeine citrate. These were all given subcutane- 
ously usually within five minutes after the cocaine, occasionally 
at the same time or prior thereto. Atropine sulphate was used 
in amounts of 0.5 to 1 mgm. per kilogram, strychnine sulphate 0.2 
to 0.4 mgm. per kilogram, alpha-lobeline, 1 to 10 mgm. per 
kilogram, homocamfin 25 to 150 mgm. per kilogram, and caffeine 
citrate 10 to 20 mgm. per kilogram. The rabbits were kept 
under observation for several days and were not credited as sur- 
viving unless they lived three days or more after the cocaine 
administration. 

RESULTS 

The results are shown in tables 1 to 9, which require no ex- 
planation. Quite early in this work, it became apparent that 
there is a rather wide variation in the resistance of rabbits to 
cocaine and that to attempt to state what the fatal dose per 
kilogram is, and how this varies with treatment, is confusing. 
For example, some untreated rabbits will die from 100 mgm. per 
kilogram, and some will survive from 200 mgm. per kilogram. 
We believe that the results are much more suitable for compari- 
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TABLE 1 

Cocaine poisoning in untreated rabbits 
Rabbits Tl, T2, Al, and A3, from Tatum, Atkinson, and Collins. 



rabbits 


COCAINE* 


RECOVERED 


DIED 


14, 3 


50 


14, 3 




Al, A3 


85 


A3 


Al 


Tl, T2, 50, 127, 142 


100 


Tl, 127 


T2, 50, 142 


115, 116, 117, 130, 136, 


150 


116,117, 130, 136, 139 


115, 137, 138 


137, 138, 139 






101, 103, 104, 118, 131, 


200" 


101, 135 


103, 104, 118, 131, 132, 


132, 133, 134, 135 






132, 133, 134 


140 


250 




140 



* Cocaine as Cocaine Hydrochloride in milligrams per kilogram. 

TABLE 2 

Cocaine poisoning in barbitalued rabbits 

T3, T4, T6, T7, T8, T9, T10, Til, T12, and T13, from Tatum, Atkinson, and 
Collins. 



RABBITS 


COCAINE 


RECOVERED 


DIED 


T3, T4, 49, 141 


100 


T3, T4, 49, 141 




T6, T7, T8, T9, T10, 


150 


T8, T9, T10, Til 


T6, T7 


Til 




T12, 38, 39, 41, 52, 57, 


200 


57, 61 


T12, 38, 39, 41, 52, 


59, 61,62, 63,68 






59,62, 63,68 


T13 


250 




T13 



TABLE 3 



Atropine sulphate in barbitalised rabbits poisoned with cocaine 



RABBITS 


COCAINE 


RECOVERED 


DIED 


143 


150 


143 




23,25 


175 


23, 25 




30,64,55, 65,66,69,51, 


200 


30, 64, 55, 65, 66, 69, 


67, 60 


67, 60 




51 




46,28,31,113 


250 




46, 28,31,113 


37, 48, 34, 29, 45, 53, 43 


300 


37, 48 


34, 29, 45, 53, 43 


40 


325 




40 


44,47,112 


350 


44 


47,112 


27 


400 




27 
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son and afford less basis for misunderstanding when expressed as 
mortality rates per given dose. We have, therefore, prepared in 
table 10, a summary of the previous tables giving the mortality 
percentage at a given dose of cocaine. If one were to base such 

TABLE 4 



Strychnine sulphate in barbilalissd rabbits poisoned xuiih cocaine 



RABBITS 


COCAlfcB 


RECOVERED 


DIED 


128 

81,80,79,74,72,71,70, 
73, 75, 76, 78, 77, 129 

82 


150 
200 

350 


81,80, 79, 74, 72, 71, 
129 


128 

70, 73, 75, 76, 78,77 
82 



? TABLE 5 

Homocamfin in barbitalued rabbits poisoned with cocaine 



rabbits 


COCAIXS 


BXCOVXBID 


DIED 


124, 144, 145 

92, 93, 94, 95, 96, 125, 

126, 147, 148 


150 
200 
250 


124, 144, 145 
92, 94, 95, 146 
126, 148 


93, 96, 125 
147 



TABLE 0 

Alpha lobeline in barbitalised rabbits poisoned with cocaine 



babbits 


COCAIXS 


BXCOVZW> 


DUO 


5,4 
8 

1, 6, 10, 11 
7 

2, 83, 85, 86, 89, 84, 87, 
88,90 

9 

42 

91 


60 
130 
150 
160 
200 

260 
300 
350 


5,4 

83, 85, 86, 89 


8 

1, 6, 10, 11 
7 

2, 84, 87, 88, 90 

9 

42 

91 



a mortality percentage at a given dose upon only the animals 
to which that dose were given, discordant results would appear 
unless a very large number of animals were available. For ex- 
ample, from table 1, it is seen that of 5 rabbits given 100 mgm. 
of cocaine hydrochloride per kilogram, 3 died with a mortality for 
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these 5 of 60 per cent, while of 8 rabbits given 150 mgm. per kilo- 
gram, only 3 died with a mortality for the 8 of 37 per cent. It 
seems to us obvious that a rabbit that died from 100 mgm. would 
have died from any higher dose and one that survived from 150 
mgm. per kilogram would have survived from any lesser dose. 



TABLE 7 

Caffeine citrate in barbitalised rabbits poisoned vrith cocaine 



RABBITS 


COCAINE* 


RECOVERED 


DfED 


13, 15, 16, 17 


150 


13, 15 


16, 17 



TABLE 8 

Atropine sulphate plus alpha lobeline in barbitalised rabbits poisoned icith cocaine 



BABBITS 


COCA IX 1 


RECOVERED 


DIED 


12, 18, 19, 20, 21 


150 


12, 18, 19, 20, 21 




22, 24, 26 


175 


22, 24, 26 




120, 121 


200 


120, 121 




32 


225 


32 




33, 122 


250 


33, 122 




35 


270 


35 




54, 36, 123 


300 


54 


36, 123 



TABLE 9 

Atropine sulphate in rabbits poisoned with cocaine (no barbital) 



RABBITS 


COCAINE 


RECOVERS D 


DIED 


97, 108 


100 


97, 108 




98, 100, 107, 109, 110 


150 


98, 100, 109, 110 


107 


102, 99,58, 106,111,119 


200 


102, 99, 111, UC 


58, 106 


105, 114 


250 


105 


114 



This rationale has been used therefore in calculating the mor- 
tality percentages in table 10. We have included under each 
percentage-figure the number of animals upon which the calcu- 
lation is based, as the figure is correspondingly more significant, 
the larger the number of animals in the group. 
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DISCUSSION 

Barbital was found effective in all instances where given in 
adequate dosage in preventing or relieving the convulsions due to 
cocaine. It was not, however, very effective in decreasing the 
mortality percentage, the mortality of barbitalized rabbits from 

TABLE 10 

Summary, Mortality percentage in acute cocaine -poisoning in rabbits 
The numbers in parentheses represent the number of animals from which the 
percentage is calculated. 



COCAINE 


(l) 

UN- 
TREATED 


(2) 

BABBXWi 
a 


(3) 

BABBITAL 
+ 
ATJtO- 

mru 


(4) 

BARBITAL 
+ 

2IBIS 


(S) 

BARBITAL 
+ 
EOIIO- 
CAMFIN 


(6) 

BARBITAL 
+ 
ALPHA- 
LOB Z LINK 


m 

BARBITAL 
+ 

CAFFEINE 


(S) 

BARBITAL 
+ 

ATROPINX 
"h 
ALPHA- 
LOBEUXS 


(9) 

ATRO- 
PINE 


nipm, pei* 




















kgm. 




















50 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 




(12) 


(8) 


(13) 


(7) 


tf) 


(8) 


(2) 


(15) 


(11) 


100 


31% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 




(13) 


(8) 


(13) 


(7) 


19) 


(4) 


(2) 


(15) 


(11) 


150 


50% 


33% 


0% 


12% 


0% 


55% 


50% 


0% 


10% 




(14) 


(6) 


(13) 


(8) 


(9) 


(9) 


(4) 


(15) 


(10) 


200 


88% 


85% 


17% 


50% 


33% 


73% 


100% 


0% 


38% 




(18) 


(13) 


_-.(12) . 


(14) 


(9) 


(15) 


(2) 


(7) 


(8) 


250 


100% 


100% 


67% 


100% 


67% 


100% 




0% 


80% 




(15) 


(12) 


(9) 


(7) 


(6) 


(ID 




(4) 


(5) 


300 






80% 




100% 






67% 


100% 








(14) 




(4) 






(3) 


(4) 


350 






94% 










100% 










(15) 










(2) 





100 mgm. of cocaine per kilogram being 0 per cent as against 31 
per cent for the untreated, and 33 per cent at 150 mgm. as against 
50 per cent for the untreated. Approximately 100 mgm. of 
barbital per kilogram was the minimum effective dose. This was 
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also the optimum dose in our experience, although as high as 
200 mgm. per kilogram can be given without any danger of too 
great depression. Atropine, strychnine, and homocamfin, when 
given to barbitalized rabbits decreased the mortality to cocaine, 
atropine being the most efficient. Alpha-lobeline was relatively 
ineffective alone, although when used in conjunction with atro- 
pine, it seemed to be of some benefit. Caffeine was not found of 
any benefit, although the number of animals used is not enough 
for conclusions. Because of the effectiveness of atropine in the, 
barbitalized animals it was thought best to try its effect on rabbits 
in which no barbital was given. The results as shown in table 9, 
and in the summary table, column 9, indicate that it has a marked 
effect in saving animals poisoned with cocaine; and this in spite 
of the fact that all animals showed convulsions. These findings 
would indicate that the convulsions per se are not of such serious 
significance, at least in the rabbit, as is the respiratory depression 
for our results with atropine alone are better than with barbital 
alone. The beneficial effects of these various drugs is attributed 
to a stimulation of the respiratory center and therefore a physi- 
ological antagonism to the depressant effects produced by co- 
caine. It seems difficult to correlate their beneficial effects on 
any other basis. Seevers and Tatum (6) have shown that vagot- 
omy is without effect so that in the case of atropine there is no 
reason to believe that its effect is on peripheral mechanisms. 

CONCLUSIONS 

1. The beneficial effect of barbital on cocaine convulsions in 
the rabbit as reported by Tatum et al. is confirmed. 

2. Respiratory stimulants are of value in the treatment of 
acute cocaine poisoning in the rabbit, atropine being the most 
effective of the ones tried. The best results were obtained where 
barbital and respiratory stimulation were used together. 

3. These results would indicate that death does not occur from 
an over excitability of the respiratory center in cocaine poisoning 
but from a true depression which is counteracted in part by 
stimulation. 
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y. pJwrmm-oi. (Paris), 1970. I. 3. 41)7414. 

Supplement au n" 3 



DETERMINATION DE LA PL 50 CHEZ LA SOURIS 
(Mlchode dc Litchfield ec Wilcoxon) (1) 



Prlaeipe* 

Parmi les diverses methodes devaluation de la toxicite" d'un medicament, Tipprc- 
ciation de la dose lethale 50 (DL 50) consiste a determiner ta dose de ce medicament 
qui est mortelle pour 50 % des animaux mis en experience. 

Les souris sont repanies en lots aussi semblablea que possible. Les animaux de 
chaque lot resolvent une mime dose de produit a etudier et les doses different d'un lot 
a l'autre. L'on apprfcie le r&ultat scion un critere de tout ou rien (mortalite ou survie) 
dans chacun des lots. 

Ce qu'il faut. 

— balance pese-souris, 

— materiel classique d'adm in ist ration, de marquage, de dissection, 

— papier logarithme-probits n* 543 (Compagnie Francaisc tics Diagrammed 
24, boulevard d'lnkermann, 92 - Neuilly). 

— regie transparent*, 

— table de? carres, 

— tableaux I et IL abaques 1. U et III de Litchfield et Wilcoxon (ci-joints). 
Ce qu'il f»ut f*ire. 

I. — NOTER SOIQNEUSEMENT LES CRIT&E3 INH^RENTS AUX SOURIS : 

— soucbe ; 

— sexe ; 

— poids: 18 a 22 g ; 

— etat physiologique : sauf cas tres speciaux. on evitera les femelles gravides ; 

— e*tAi sanitaire : ou aura avantage a operer sur des animaux E.O.P.S. exempts 
d'organismes pathogenes speciflques ; 

— jeunc prealable, iventuellement. 



TutiCittf a i nut 



(1) Ficht rtdiffc par Chwlotta DuWT (maiire.*s»Uuni). Labontoin dc Pharmacodynamic 
Facutt4 de Pharmacy. 4. ov«ui# di VObttrvatoi't, P . 7S - ParU<06. 
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TaBLKaU I. — Vaieun cornets del efftts 0 ou 100 % cotrtiporulant awe vol curt atUnJurs 
(JV. 0. Ce* vafain tool dlriveti des probiu max. el min. corrigts do Bliu) 



AucoduJ 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


0 




0.3 


0.7 


1.0 


U 


K6 


2,0 


2,3 


2.6 


2.9 


10 


3,2 


3.5 


3.8 


4.1 


4.4 


4.7 


4.9 


5.2 


5.5 


5.7 


20 


6,0 


6.2 


6.5 


6.7 


7.0 


7.2 


7,4 


7,6 


7.8 


8.1 


30 


1.3 


8.4 


8.6 


8,8 


9.0 


9,2 


9.3 


9.4 


9.6 


9,8 


40 


9.9 


10.0 


10.1 


10.2 


10.3 


10.3 


10.4 


10.4 


10.4 


10.5 






89,5 


89.6 


89.6 


89.6 


89,7 


89.7 


89.8 


89.9 


90.0 


60 


90.1 


90.2 


90,4 


90,5 


90.7 


90.8 


91.0 


91.2 


91.4 


91.6 


70 


91.7 


91.9 


92,2 


92.4 


92,6 


92.8 


93,0 


93.3 


93.5 


93.8 


•A 


94.0 


94.3 


94.5 


94,9 


9S t l 


95,3 


95.6 


95,9 


96,2 


96,5 


90 


96,8 


97.1 


97.4 


97.7 


99.0 


98.4 


98.7 


99.0 


99.3 


99.7 



TaiLCaO II. — Vaitun it t t( rf# pcur p - COS 



Dcff& do liberty 


t 


Y" 


1 










3.84 




2 . 




4.3 






5,9* 




3 




3.18 






7,82 




4 




2.78 






9,49 




5 




2,57 






11. t 




6 




2,45 






12.6 




7 




2,36 






14,1 




8 




2,31 






15,5 




9 




2,26 






16.9 




10 




2,23 






18,3 





II. — Signaler lbs conditions d'environnemjbnt : 

— temperature ambiante ; 

— combre d'animaux par boite. 

III. — PRECIS&R LES HENSEICKEMEWS RELAT1FS A L'aDMINISTRATION : 

— voie d'admio is (ration ; 

— volume administrc: U doit 6tre constant pour tous les Iocs, ei au maximum 
de 0,5 ml par 20 g de poids corporel ; 

— vitesse d'iojectioa pour une administration parenteral ; 

— concentration en principe actif ; 

— nature du vihicule : s'il n*est pas aqueux, il faudra administrcr le vihicule seul 
a des souris temoins ; 

— doses administrees : les choisir en progression geometrique (pour que leurs 
logarithmes soienr en progression arithmltique) ; 

— aombre de souris par lot : au minimum 20. 
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DETERMINATION DC tA DL 50 CHEZ LA SOURlS 

A/, b. — r Apres un repvragc rapidc. il sera necessaire d'utiliser un plus grand 
nombre d'antmaux pour les doses medianes arm d'augmenter la precision de la mesure. 
Ainsi un pourccntage de 40 determine 1 par la mort de 4 animaux sur 10 comporte, 
pour une probability de 95 %. des limites de conftance de 12 a 74 % ! U est done 
nccessairc de rccourir a des lots d'au moins 20 animaux. 

S. B. — V S'il n est pas possible de proceder a radministration de la solution i 
tous les animaux au court de la mime seance, il est recommande de trailer une partie 
des animaux de chacun des lots etudies, ei de completer le lendemain, arm de minimiser 
('influence des conditions operatoires, pluidt que d'etudier 1'cfTct des diverses doses a 
des jours different*. 

IV. — Indiqcer les resultats de l essai : 

— syropt6mes observes ; 

— detai d'apprcciation de la mortalite globale (ce dctai devant etre au minimum 
de sept jours et augments en cas de troubles) ; 

— resultats de 1'autopsie pratique* immediatement apres le deces (indispensable 
en cas de mort rapide apres intubation) ; 

— tableau des pourcentages de mortality suivant les doses. 



Rlaultals. 

Le precede de Behrens et KArber repose sur des bases theoriques discutables 
celui de Miller et Ta inter peut suffire si Ton ne recherche cj£jn resultat approxima- 
te ; la method e de Bliss est tres rigoareu se mais tres longue.J^Ious decrivons ci-apres 
la methode de (Litchfield et vVtLCoxoNy comptc tenu de la rapiditi de son execution 
et de sa precision^! 

— Etablir un tableau des resultats obtenus et des pourcentages dc mortalite pour 
chaque dose. 

— Reporter les resultats sur un papier special logarithme-probit. sauf 0 et 100 % ; 
porter directement en abscisses les diverses doses administrees, et en ordonnees 
tes pourcentages de mortalite correspondants. 

— Tracer la droit e de regression provisoire qui doit s'adapter le plus possible aux 
points experimentaux, une importance particuliere £tant accorded aux points 
situcjs dans Tintervalle 40 % a 60 

— Lire et noter sur la droite tracee les pourcentages < attendus > en regard des 
doses administrees. 

— Calculer a l*aide du tableau I 1 partir des pourcentages attendus les valeur* 
pour 0 % et 100 % de mortalite. Verifier que la droite tracee passe bien par 
ces points, sinon recommences 

— Faire la difference: pourcentage observe-pourcentage attendu, pour chacune 
des doses. A Taide de I'abaque I, tracer une droite entre les valeurs du pour- 
centage attendu (echelle de gauche) et de la difference calculee ct-dessus 
(echelle centrale). et la prolonger jusqu'a la colonne de droite. Lire ainsi la 
« contribution au y 2 •. 
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FICHE TECHNIQUE 

exposant (echelle de droite). Lc point d'imersection avec l'cchcllc ccntralc donne dircc- 
tement le facieur de correction / DL 50. 

— Pour le seuil de probability P « 0,05, lea limites de la DL 50 sons les 
suivantes : 

Limite jupe'rieure = DL 50./ DL 50 
DL50 



Limite inferieure = ■ 



/DL 50 



Limites de confiance oe la fentb oe la droite S. 

— Calculer le rapport R de la dose la plus forte a la dose la plus faiblt. 

— A Taide de I'abaque III, tracer une droite entre les valeurs de S (echelle de 
gaucbe) « de R (Ichelle de droite). L'interseciion de oeite droite avec I'ecbelle cco- 
trale donne la base A. 
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DETERMINATION DE LA OL 50 CHEZ LA SOUMS 
1.1MITE5 Oli CONFIAXCE OE LA DL 50. 

— Lire suf tc graphique les doses correspondent aux tffets 16, SO et 84 p. 100 
(DL 16. DL 50 et DL 84). 

— Calculer U pente S de la droite : 

DL 84 DL50 

DL 50 + DL 16 
S = 



— Chercher, d'apres les donne*s> le nombre total N' d'animaux qui ont ete uti- 
lises pour obttnir les points situes entre DL 16 et DL 84 (attendus). 

2.77 . j m 

— Calculer v' NT P"* * «PO»" 1 de s daM l'«P r « sloa da to" u r dc 

ccrrectica / DL 50 : 

2,77 

,DL50 = S VFF 

— Ce facteur peut 4tre lu directemcnt sur I'abaque II en procetiant de la maniere 
suivanie : tracer une droite reliant U valeur de S (fchelle de gauche) et celle de son 
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FlCME TECHNIQUE 



V*otfan)u 
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— f a/re /a sommt des divtrses contributions au x a : 3 com. x* Determiner Je 
X 3 de la droite en multipliant cette somrae par le nombre moyen -^-d'animaux par dose. 

K = Nombre total de doses. 
N = Nombre total d'animaux. 
N 

— = Nombre moyen d'animaux par dose. 

n = K — 2 = Nombre de degree de liberie^ 

N 

X a * S cont. x* 

— Chercher la valeur de x 3 dans le tableau II pour le seuil de probability p = 0,05 
et pour ce nombre n de degres de Ubert*. Si la valeur du x s experimental est 
inftrieure a celle du tableau, la droite est bien trace*. Si elle est supeneure, 
la droite est mal trace*. La tracer de nouveau et recommencer les operations 
ci-dessus. 
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DETERMINATION DE LA OL 50 CH8Z LA SOUR IS 



— Connamam K ct V N'. calculcs precedemmeat, determiner le quotient 

10 (K eX p 0sanl c j e \ (j ans ('expression /$, facteur de correciion de la oeote S 

KVN' 
dc la droite : 

10 (K — 1) 
/S = A KVTr 

— Au moyeo de 1'abaquc II, determiner le risultat fS coonaissam A ct son 
e*po$ant. 

— Pour le seuil de probabilite p = 0.05, U limite supe*rieure de S est S./S et la 

S 

limite mfeneure — . 

N.B. I, — Si le test du %~ a montre une hiteVogeneiri, U faut utiliser le procide 
de caicul com port ant le coefficient t du tableau II. 



1.4 r 

/DL 50 = S 

5.1 i (K 



fS 



= A 



N. B. 2. — Cctte metbode est egalement applicable au caicul de la dose efflcace 

50 % (DE 50). 



Exemple t lowcitf du chlorhydiaw de cocaine ch« la Souris GFdwsy). 



0OM 


Nombrt 


(mi/kg) 


d'tnlmaux 


0.013 .... 


20 


0.020 .... 


69 


0.025 .... 


95 


0.030 .... 


78 


0,035 .... 


44 


0.040 .... 


20 




N - 136 



N ombre 
de 
mor» 

0 

a 

50 
61 
37 



Pourceacait 
obsenr* 



0 (0.94) 
16 
53 
78 
84 

100 (98,2) 



% aueodu 



2,1 

18.5 

46 

71 

86,3 

94.5 



Differeaco 

entre 
% oboerva 
at % tueodu 

1.96 

*5 

7 
7 

2.5 
3.7 

2 cone y* = 



Coatribuuoo 



0.014 

0.0045 

0.020 

0.023 

0.0055 

0,027 



0.094 



K= 6 
X* = 0.094 



n - 6 — 2 = 4 degres de liberte*. 
236 

X s table pour 4 D.L = 9.49. done la droite est correctement trace e. 
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FICHE TECHNIQUE 

DL 16 = 0,0195 DL 50 = 0,0255 DL tM = O.U340 

0,0340 0,0255 

0,0255 0.0195 
5 = 1,32 

2 

N' = 69 + 95 + 73 = 242 VN 7 "* = 15.55 = 0.178 

VN' 

/DL50 = 1.32°» r * = 1,05 

DL50. / DL 50 = 0,0255. 1,05 = 0,0268 -gtg s i^£I = 0,0243 

0,0243 < DL 50 < 0,0268 mg/kg 

La mcthode de Bliss pour la memes chiffres iboutissait (in Valerie [51) a : 
0,0241 < DL 50 < 0,0261 mg/kg 

0,040 

Rs= ao7T = 2 ' 66 A = 1 ' 09 

10 I J) 



/$ = 1 ( 09 =i,09 "1.047 

S. /$= 1,32. 1,047 = 1,38 

/S 1,047 

1.26 <S < 1,38 

Ces limites soot utiles a connaitre pour determiner l'intervalle de confiance des 
points aueres que la DL50. 



Conclusion. 

L'estimatioD cher la Souris de la DL 50 avec scs limites de coofiance seloa la 
mithode de Litchfield ec Wilcoxon permct de determiner avec precision la toxicity 
aigue d'un medicament. Cette DL 50 servira de point de repere pour I'etude des pro- * 
pri&es pharmacodynamiques du medicament. 
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is impossible and resigns itself to the «P«n«nenta I con- 
ditions This hypothesis receives support from results 
or«emed below which indicate that immobility is reduced 
hv different treatments known to be therapeutic in 
depression including three drugs, iprindole, mianserin and 
viloxazine which although clinically active' show ^ httle 
or no 'antidepressant- activtty in the usual animal tests . 

N'Sve male Sprague-Dawley (Charles R.vert , ra ts 
weighing between 160 and 180 g are plunged individual!, 
So a vertical plexiglass cylinder (height 40 cm: diameter 
18 cm) containing 15 cm of water maintained at -? ^ 
After is min in the cylinder they are removed and allowed 
To d" for 15 min in a heated enclosure (32 °C) before being 
returned to their individual cages. This treatment produce 
lone periods of immobility in the water (10-12 min total 
Stion) and the rats on removal arc mildly 
J-3-O and are hypoactive for periods up to 30 mm 
24 h later the rats are replaced m the cylinder and the 
total duration of immobility is measured during a 5-mn 
St Rats submitted to this procedure will remain — 
for 75<4 of the duration of the test (see Tabic 1) thus 
nrovidin* a suitable baseline for measuring the effects of 
drugs which decrease or even increase immobi.ny. 

Drugs and doses investigated are shown in Table 1. To 
opSniL the pharmacological effect' and at the jame . time 
to imitate more closely clinical usage, *e admin ste red the 
drues in a series of three intraperitoneal injections 24, 5 
and lh before testing on day 2, the first inject™ , being 
given immediately before replacing the animals , their 
caees on day 1. Electroconvulsive shock ECS 30 mA, 
50Hz is) was delivered through ear-clip electrodes 
Scordin to the same time schedule as for drug injection. 
Table 1 shows that all the antidepressants tested as weM 
as ECS significantly reduced immobility. With the tricyclic 
compounds, particularly amitriptylrae. this 'fntidepressive 
eS was accompanied by lowered muscle tonus and 
Sished motor activity outside the 
suggesting sedation. Biphasic effects were observed . with 
mianserin and iprindole: a reduction in immobility a 
Ewe doses followed at higher doses by a return to control 
Eds and a marked loss of muscle tonus. Viloxazine 
£ eased immobility without apparent sedative effects. 
The monoamine oxidase inhibitor, makm.de. reduced 
immobility but induced small repetitive body movements 
whTch were not observed with the tricychc 
loss of muscle tonus was noted at lOOmgkg ; The two 
psychostimulants ( + )-amphetam.ne and 
reduced immobility but in contrast to ^ 
comoounds induced a marked hyperactivity, witn 
^TmpStamine stereotyped head movements were 
observed at LS and Smgkg". Neither chlord.azepox.de 
nor diazepam affected the duration of immob.l. ty even at 
loses which produced noticeable ataxia. In contrast both 
chlorpromazine and the reserpine-hke compound ROJ-KM 
uicreased mobility; with R04-1284 a ******* WSS 
already observed at 1 mgkg" 1 . a non-catalepUc dos* 

We conclude from the results obtained that the 
immobility induced in these experiments reflec ts a state of 
lowered mood in the rat. Immobility was ; reduced by antt- 
depressant drugs and ECS, was unaffected by 
and was increased by drugs known to be capable of inducing 
depressive states in man". The positive findings obtained 
with amphetamine and caffeine do not stand in contra- 
diction to this conclusion as both compounds do possess 
some clinical antidepressant activity" and besides, the 
effects observed could be distinguished qualitatively from 
those of the non-stimulant antidepressants. 

The results obtained with mianserin deserve comment 
because this compound, although clinically active . 
possesses a profile of pharmacological and biochemical 
activity which is almost the mirror image of that expected 



of a classical tricyclic antidepressant: it r^mutes i he 
effects of reserpine and antagonises the effects of 
amphetamine". It does not inhibit the re uptake of mono- 
amines' 1 and is moreover a potent blocker of central 
s-hvdroxvtrvptamine receptors". Although providing no 
explanation for the mechanisms of action of mianserin, « 
is noteworthy that the present procedure, which is based 
on behavioural rather than biochemical concepts. ls lrie 
first animal test model which would predict an anti- 
depressant action for this compound, l-urthermore the 
himodal effect observed strikingly parallels clinical observa- 
tions showing an optimal antidepressant effect at 
intermediate doses". . 

These positive findings, together with those obtained 
with the two other atypical compounds, iprindole and 
viloxazine, raise the intriguing possibility that the method 
described here might be capable of discovering new ty P « 
0 f antidepressant agents hitherto undetectab.e using 
classical screening tests. 
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Benzodiazepine receptors in rat brain 

High affinity binding of tritium labelled n>o r P hin !, an l7 d r Ee 
Uke drugs to membranes in brain homogenates' was a dec* ve 
dvancf in the characterisation of «J « > *J 

discovery of enkephalines and endorphines. We report ne 
SSnts which suggest that 

Dsvchoacuve drugs, the benzodiazepines, bind to specific recepw 

an unknown endogenous neurotransmitter which the natural 
Sand for the benzodiazepine receptor. The binding sites are 
Sited unevenly through the brain {£, 
cies of benzodiazepines correlate with pharmacological 

iXtwZnu were homogenised gent.ym £ 
cold 0.32 M sucrose, centnfuged it 1 J^?' lior , 

recentrift.gedat3W>^ 

The P,-fraction was rehomogemsed in an equal volume ; 

h7potonc!50mM,Tris-HCl(pH7.5) •Theb.ndm|.«.ycons««> 

SsOM test drug solution and with ' H-diaze^ «^ J. rad o * 

tive ligand, usually at 1.6nM ( J H-diazepam . S-^hy - H) 14. 

rimmol - 1 orovided by Dr Willy Haefely . Hoffmann- U RoclW 

Slre^^reincLtedforSmina^ 

J H-diazepam followed by a 15 nun add.tion*! rxubation. 
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samples were cooled for 30 min in an ice bath and membranes with 
bound 3 H-diazepam were isolated on Whatman GF/C glassfibre 
filters. At the end of the incubation 10 ml of iced buffer (50 mM 
Tris-HCl,/>H 7.4 was added, immediately before filtering, and the 
filter was washed with an additional 10 ml teed buffer and bound 
diazepam was estimated by conventional scintillation counting. 

The amount of nonspecific binding, defined as binding in the 
presence of excess unlabelled ligand, was very low. Addition of 
diazepam at 3 to the binding assays displaced 91-93% of the 
total 3 H-diazepam binding. Specific J H-diazepam binding was 
saturable {Fig. I) and maximal binding was obtained with about 
50 nM ^H-diazepam. A Scatchard analysis of the results in Fig. 1 
yielded a single straight line in the concentration range below 
50 nM, indicating the presence of a single binding site. The affinity 
constant, K D (concentration of 3 H-diazepam giving half-maximal 
binding) was 2.6 nM and the total number of binding sites was 18 
pmol per g original tissue. Hill plots (not shown) had a slope of 
1.0-1.1 indicating absence of cooperativity. 



Table I inhibition of specific J H-diazepam binding (1.6 nM)to rai brain 
membranes by benzodiazepines 




m — oi — r 

V(pmo\ per assay) 

-® — ' — 5tT 

*H-diazepam (nmj 

Fig. I Binding of J H-diazepam to membranes from 25 mg rat 
forebrain. 3 H-diazepam, 0.24775 nM was incubated in triplicate with 
or without excess cold diazepam. Specific binding (O) is the total 
binding minus the binding which is not displaced by excess (3 jiM) 
diazepam^ #). Insert shows the same data transformed to Scatchard 
plots ( V, specific binding in pmol per 25 mg tissue; 5, 3 H -diazepam 
concentration in pM). The Scatchard plot indicates one binding site 
with affinity constant, K 0 = 2.6 nM (reciprocal of the slope value) and 
maximal binding of 18 pmol per g original tissue (intercept on 
abscissae). The experiment was repeated, giving closely similar 
results. Counting efficiency was 44%. 



Measurement of specific 3 H-diazepam binding (at 1 .6 nM) in 10 
rat brain regions showed an uneven regional distribution. The 
greatest binding was found in the frontal and occipital cortex 
where the binding was three to fourfold higher than the lowest 
binding in the pons-medulla. The hippocampus, which may be an 
important site of action for benzodiazepines in the limbic system 4 , 
had intermediate birufing levels. 

The 3 H-diazepam binding site was highly selective for benzodi- 
azepines. Twenty one benzodiazepines (Table 1) displaced 3 H- 
diazepam with IC 50 values in the range of 3 x I0~ 9 to 10" 4 M 
while some other *minor tranquillisers*, such as meprobamate, 
barbiturates and ethanol, were inactive at 0.1 mM. Several 
presumed neurotransmitters were tested as 3 H-diazepam disr> 
lacers. None of these (acetylcholine, noradrenaline, dopamine, 
serotonin, GABA, L-glutamate or glycine, all at 0. 1 mM) or their 
antagonists (phenoxybenzamine, propranolol, pimozide, cloza- 
pine, methysergide, bicuculline, picrotoxin or strychnine, all at 
3x 10" 6 M) exhibited any displacement activity. Various other 
compounds, including etorphine, nalorphine and muscimol (all at 
3 x 10~ 6 M) were also inactive. 

Even though the binding of a compound may be saturable and 
show remarkable selective displacement properties it may not 



Compound* 

RO 5-4023 (clonazepam) 
RO 5-4200 (flumtrazepam) 
Lorazepam 
RO 5-3027 
RO 5-3590 

RO 5-6901 iflurazepam) 
RO 5- 2S07 (diazepam) 
RO 5-3059 (nitrazepam) 
RO 5-3350 (bromazepam) 
RO 6-66 1 6 (chtorazepate) 
RO 5-2904 
Oxazepam 
RO 5-2181 
RO 5-4528 
Chlordiazepoxide 
RO 5-5807 
RO 5-3785 

RO 5-4556 (medazepam) 
RO 5-3636 
RO 5—4933 
RO 5-4864 



IC Sft (nM)t 

5 
5 
7 

9 2 
13.1 



34 
34 
48 
62 
76 
80 
135 
389 
1.072 
4.487 
5.686 
6,217 
8,270 
< 30,000 
163,522 



Senai dilutions of benzodiazepines (in duplicate experiments) were 
added to the high affinity binding assay (see text). 
•Chemical structures given in ref. 6. 

tIC 50 . concentration causing 50% inhibition of specific 3 H-diazcpam 
binding. 

occur at meaningful recognition sites 5 . The diazepam receptor 
which we describe here, however, seems to be physiologically 
significant since it can be correlated to pharmacological activities. 
Efficacies in several pharmacological tests are available for most of 
the benzodiazepines used in the present study 6 . Excellent cor- 
relations (P > 0.001) were observed between 3 H-diazepam dis- 
placement potency on the one hand and cat muscle relaxant effect, 
impairment of mouse rotarod performance, inhibition of electric 
shock induced fighting in mice and antagonism of pentazol 
induced convulsions in mice, on the other. Weak correlation was 
found to taming of cynomolgus monkeys (P=0,01, r = 0.655). 
Displacement of 3 H-diazepam binding correlates best with the cat 
muscle relaxant effect (Fig. 2). While the pharmacologial tests 
listed above are predictive of anxiolytic and anticonvulsant 
activity we found no correlation with the non-predictive con- 
ditioned avoidance tests (either shock increase or escape failures) 
in the rat. 
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J H-diazepam displacement (IC J0 *M) 

Fig. 2 Correlation between IC J0 values for 3 H-diazepam displace- 
ment by 19 benzodiazepines (from Table 1) and cat muscle rtlauoi 
(oral dosage) effect ._The best curve fit was assessed by Unt*t 
regression analysis (r =0.891 ; P< 0.001). Numbers on graph indicate 
RO code number, OX, oxazepam ; DZ, diazepam ; LZ. \omxpmm . 
CZ, chlordiazepoxide. 
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In a comprehensive review. Randall et al. b concluded that the 
'actions of benzodiazepines cannot be related in a direct manner to 
the action of neurotransmitters in the brain'. The proposaf that 
benzodiazepines act on glycine receptors seems now unlikely in 
view of electrophysiological data 8,9 and our finding that neither 
glycine nor its antagonist strychnine displace J H-diazepam bind- 
ing. Further, the benzodiazepines were about 10.000 times more 
potent as displacers of 3 H-diazepam binding than 3 H -strychnine 
binding. And ,l H-diazepam does not apparently bind to GABA- 
receptors. since GABA itself, its potent agonist muscimol and its 
antagonists picrotoxin and bicuculline were completely inactive as 
3 H-diazepam displacers. The failure of benzodiazepines to block 
3 H-GABA binding to brain membranes 10 further indicates the 
lack of direct benzodiazepine interactions with GABA receptors. 
These results, however, are not inconsistent with the proposal that 
benzodiazepines exert their physiological effects through 
G A B A 11 . since such effects may be indirect ( for example, benzodi- 
azepines might facilitate GABA release). 

Our findings strongly suggest that the brain possesses specific 
receptors for benzodiazepines which may mediate their pharma- 
cological actions. The exact mechanisms by which benzodi- 
azepines exert their characteristic pharmacological and clinical 
effects remain unknown. A search for a hitherto undiscovered 
endogenous transmitter substance, acting on the benzodiazepine 
receptor therefore seems worthwhile. 

We thank P. Jacobsen, H. Carstensen and A. M. Larsen for 
assistance. 
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Axotomy causes loss of muscarinic 
receptors and loss of synaptic 
contacts in the hypoglossal nucleus 

Muscarinic receptors in the brain and ileum can be studied 
by means of the binding of radiolabeled cholinergic anta- 
gonists 1,3 . The basic criteria for receptor-specific labelling 
are that there should be a saturable component of binding 
and that the binding of the radiolabeled ligand should be 
inhibited by pharmacologically effective concentrations of 
drugs which are known to act at muscarinic receptors and 
not by drugs that act at different receptors. In addition, the 
saturable binding component should be restricted to tissues 
known from pharmacological experiments to contain mus- 
carinic receptors. These criteria are satisfied by tritiated 
propylbenzilylcholine mustard ('H-PrBCM) 1 , a potent irrever- 
sible muscarinic antagonist the binding of which to rat 
brain sections can be demonstrated autoradiographically. 
The evidence which suggests that the bulk of tissue radio- 
activity is associated with muscarinic receptors is that in 
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autoradiographs the regional variation of autoradiographic 
grain density parallels the intensity of specific 'H-PrBQvi 
binding observed by in vitro assay on brain homogenates 
from selected regions, and that in the homogenates 65-85* 
of the bound radioactivity is blocked by pretreatment with 
the classical muscarinic antagonist, atropine OO^M). f n 
the forebrain the general features of the distribution of 
'H-PrBCM binding to thin sections correspond closely with 
the findings of Kuhar and Yamamura 4,5 who used the non- 
covalently bound antagonist 'HO-quinucIidinylbenzilate. 
We report here, however, that in the brain stem the hypo- 
glossal nuclei are heavily labelled with 3 H-PrBCM. In light 
microscopic autoradiographs (Fig. la, left side) the grains 
are distributed throughout the neuropil of the hypoglossal 
nucleus. The cytoplasm and nuclei of the large hypoglossal 
neuronal somata (Fig. \b) are unlabelled. The density of 
the silver grains falls abruptly at the borders of the hypo- 
glossal neuropil. This clear demarcation of the labelled 
hypoglossal neuropil is abolished by atropine pretreatment 
(Fig. lc). 

The present results are based on a total of 48 adult 
female Wistar rats in which the hypoglossal nerve was cut 
on one side in the neck. In 30 animals the brains were 
prepared for light microscopic autoradiographic study of 
receptor binding, and in a further 18 animals the brains 
were prepared for an electron microscopic study of 
synapse numbers. 

Several studies'"' of the effects of axotomy on the 
hypoglossal nucleus have shown that by 1 week after 
operation there is a loss of about 50% of the synapses on 
the hypoglossal motoneurones. If the hypoglossal axons 
are able to regenerate and re-establish neuromuscular 
contacts, synapses reappear in the hypoglossal nucleus, 
indicating that the synaptic 'disjunction' is reversible. We 
have examined the hypoglossal nucleus at various times 
after section of the hypoglossal nerve on one side, and 
the preliminary series of experiments indicated that two 
changes are detectable within 2 d after axotomy, and seem 
to have reached completion by 7-10 d after operation. 

There was a marked decrease in the intensity of binding 
of J H-PrBCM. Since the nerve arises almost exclusively 
from the hypoglossal nucleus of the same side, and the 
two nuclei lie immediately adjacent to each other on either 
side of the midline, the opposite nucleus can be used as 
a control in the same coronal section. A representative 
indication of the magnitude of the changes may be seen 
from the grain counts taken from the sections shown in 
Fig. la and c. The numbers of silver grains per 10* Mm 
of section were 305 ±5 over the unoperated hypoglossal 
nucleus, 209 ±4 over the hypoglossal nucleus of the 
operated side (6d after axotomy), and 123 ±3 over the 
hypoglossal nucleus of the unoperated side in the adjacent 
section (Fig. lc) pretreated with atropine. Subtracting the 
atropine counts, this indicates that section of the hypo- 
glossal nerve had caused a fall in the intensity or 
labelling of the hypoglossal nucleus of the operated side 
to 47% of its intensity on the unoperated side. 

At the electron microscopic level, we counted the total 
numbers of synapses per unit area of section. As in the 
studies of Sumner 7 we found that there was an almost 
50% reduction in the total numbers of synapses by 1 
after operation. 

If the hypoglossal nerve is able to regenerate and re- 
establish contact with an appropriate peripheral targe 
tissue, these changes are reversed. The hypoglossal moto- 
neurones re-acquire a normal complement of affcre 
synapses'-* and our observations on the rats with tne 
longer survival times showed that in those cases 
the hypoglossal nerve had grown back, binding oj 
'H-PrBCM in the hypoglossal neuropil had also recovered 
to normal levels. In some animals, the regenerating 



